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The functions of Protein kinase C delta and Stromal Interaction

Molecule 1 during metamorphosis in Helicoverpa armigera

ABSTRACT

Background, scientific questions and significance

During the development of insects, ecdysone (20E) and juvenile hormone (JH)
counteractively regulate the molting and metamorphosis of insect insects. JH has higher
titer during feeding stage, which promotes larval feeding and tissues growth. 20E  has
higher titer in molting and metamorphosis, which promoted molting and metamorphosis.
Metamorphic insects have very distinct changes in their bodies, including the apoptosis of
larval tissues and the formation of adult tissues. After the adults are formed, the midgut of
the larvae are completely degraded and disappeared. A series of signal transduction
pathways are involved in metamorphsis.This is the focus of current research on the
development of insects. The 20E signaling pathway plays a key role in promoting larval
tissue apoptosis. 20E has also been determined to induce apoptosis through nen-genomic
and genomic pathways.

Protein kinase C (PKC), a member of the serine/threonine protein kinase superfamily,
can promote the phosphorylation of multiple proteins at the serine or threonine sites and
participate in a variety of cellular metabolic activities. PKC also plays a key role in insect
20E-induced gene transcription. The phosphorylation of cell cycle-dependent protein
kinase 10 (CDK10) by PKC-mediated superoxide valve protein (USP) determines
20E-induced gene expression and the occurrence of insect metamorphosis. However,
there are many types of PKC in the body, and it is not specifically reported which PKC is
involved in the apoptosis induced by the 20E pathway.

Calcium jon acts as an intracellular second messenger and is closely related to
apoptosis. High concentration of calcium ions leads to the apoptosis of mitochondria

through the activation of protein kinase C (PKC) and downstream caspase-3. During the
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metamorphic development of insects, 20E rapidly increases the intracellular calcium
concentration through non-genomic pathways, including the release of calcium and the
influx of extracellular calcium. Although there have been researches to prove that 20E
increases the intracellular calcium ion concentration by store-operated calcium entry
(SOCE), the specific mechanism of action is not perfect. Stromal interaction molecule 1
(STIM1) plays an important role in the involvement of SOCE. The mechanism of
responding to 20E pro-apoptotic signaling in the metaphase is unclear. By studying the
function of PKC and STIM1 in promoting apoptosis signaling pathway in 20E, we further
clrify and improve the non-genomic signaling pathway and the non-genomic and
genomic signaling pathways of insect ecdysteroids.
Results and Conclusions 7

Through activation of the EcRB1/USP1 transcription complex by 20E, PKC§
éxpression was upregulated in several tissues during the metamorphic stage. Knockdown
of PKCS caused failure to transition from larvae to pupae, prevented tissues from
undergoing programmed cell death (PCD), and downregulated the expression of the
transcription factor Brz-7 and the apoptosis executors caspase-3 and caspase-6. The
threonine residue at position 1343 of PKCd was phosphorylated and was critical for its
pro-apoptotic function. Overexpression of the PKCS catalytic domain was localized to the
nuclei in HaEpi cells, which increased caspase-3 activity and apoptosis. PKCS directly
phosphorylated a threonine residue at position 468 in the amino acid sequence of EcRB1.
The phosphorylation of EcRB1 was critical for its heterodimeric interaction with the
USP1 protein and for binding to the ecdysone response element. The data suggested that
20E upregulates PKC3 expression to regulate ECRB1 phosphorylation for EcCRB 1/USP1
transcription complex formation, apoptotic gene transcription and apoptosis.

20E improved the expression of STIMI1 through GPCRs (ErGPCR-1 and ErGPCR-2)
and nuclear transcription factors (EcRB1 and USP1) during metamorphosis. 20E
promoted EcRB1 binding to EcRE to regulate STIM! transcription. KnockdownofSTIM1
expression in larvae caused pupation delay, prevented the separation of larvae midgut

from imaginal midgut and suppressed 20E-induced gene transcription. STIM1 located in
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larvae midgut during metamorphosis and participated the apoptosis of larvae midgut. 20E
induced STIM! translocation to ER-PM junctions and clustered into puncta to promote
calcium ion influx through SOCE. STIM1 was phosphorylated in tissues of H. armigera.
20E induced PKC phosphorylated STIM1 at Ser485 through GPCR, PLC and IP3R. The
phosphorylation of STIMI plays an important role in the formation of STIM] puncta and
SOCE. These results suggest that 20E via GPCR to regulate PKC phosphorylation of
STIM1 to promote calcium influx and 20E-induced apoptosis.

Scientific significances

This study clarified that 20E up-regulates the expression of PKC8, promotes the
phosphorylation of EcCRB1, promotes the formation of EcCRB1/USP transcription complex,
promotes the 20E pathway gene expression and apoptosis, completes the metamorphosis
development, and deepens the understanding of 20E genomic signal pathway. It had been
demonstrated that 20E induces STIM1 phosphorylation and aggregation through
GPCR-mediated non-genomic pathways, promotes the induction of intracellular Ca?*
increase through SOCE, and upregulates the expression of PKCS8 to promote apoptosis. ,
enriched the 20E non-genomic pathway induced calcium influx knowledge. The full text
deepens and consolidates the basic model for the 20E to regulate the metamorphic
development of insects through membrane receptors and nuclear receptors. Provides new
target genes for pest control.

Keywords: Helicoverpa armigera; 20-hydroxyecdysone; protein kinase C delta;

apoptosis; Ca?*; STIM1
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K4 (Zhou et al, 1998).
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1 2 <
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B 1.1. EERREKRE RS 20E R JH 9% (Zhou et al., 1998).
Figure 1.1. The titers of 20E and JH in Manduca sexta (Zhou et al., 1998).
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2 20EHERBRERE

B2 oy e 288 [ A R B S DA R M LT 3 20E A2 3 B A AR08t B AR (L
et al, 2015b). Ti JH YREL R BT IE, 4hHult BRi B RS . HREEH 20E
5l B R R AR MR A (Riddiford, 1996). £ RHAEAKRE +, 20E 5 JH #HH
fEABEES— RIERNRAAZERRNRKENES (E1.2).

Met/Gee EcR/USP
v
EcR/USP J
y v

1 Kr-hl ———Br-C, E75, E93

20E

JH 4 $
Organ Size Spok, Dib, Sad

\/

Ecdysone

B 1.2. REIFIRERSD 20E A JH AR AR ER (Liv et al,, 2018).
Figure 1.2. Synthetic Regulation network of 20E and JH in Drosophila Ring Gland (Liu et
al., 2018).
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f£ 1922 #, Stephan Kopec B KRR E BN BB MIE AT MARBE PTTH
(prothoracicotropic hormone) B BAYE$8i 7 MIZEL (Kopee, 1922). Bl/E MEKZ Fill
BRBP KRB TXMHED. £ 1991 £, NFERBFHEH T PTTH 3H#E TH
—H %K (Kataoka et al., 1991). FEN PTTH A5 224 MEEMRBR, HHA 34
BOBIEIAIA. VIREH PTTH & 109 MEAZRE. PTTH £ &R EBEBIEE
FITHIMAR PGs. 418 PGs ZEHIBUE & BB B R | & MME i L 20- 55t
T AR A MY 20E (Gilbert et al, 1997). $ESMFFE AR PTTH AT EA G4HARAE
# G EABBLZHE (GPCR) &4 TRk (Gilbert et al,2002). 7EEAHMBAER

0
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iR, PGs i PTTH BEBSIE NI Ca® WREE, FE4LMAME ST 88 (ERK)
DL 3R cAMP & & (Fellner et al., 2005; Gilbert et al., 2002) PTTH @i — & 5if5
SH SR PGs SRS WIBEEE, BRAHMMR 20E. 20E M5 T4 5 AL
BEEEH (B 13).

20E E2

&

HO\‘\\\“

A 1.3.20E 5EBENLTEW .

Figurel.2. Molecular Structure of 20E and Estrogen.

2.220E MEHARE

20E fEA—FMp AR EHER A F T LB B i A, 58324k EcR &4
JE 5l R— RFIZE R FMEE. EARED EcR @i 5RSTEA USP E4 TR
BREAGBRERZDE (B 14). BROEZE LS SESRBERENETT
4 (EcRE), Mg sh Fif3R% % . 4435 Hormone receptor (HR3), Broad (Br),
E93, E75, Hsc70 ZFif3H. (Liuetal,2015b; Zheng et al,2010; Zhou et al., 1998)

EcR-Bl. USPL. Nif2,
_| Ran. E75B. BR-CZ2.
- | HHR3. Ha-cIF5C

B 1.4. #3482 20E B REH R B RERERERLARE (He et al., 2010).
Figure 1.4. 20E regulates gene expression patterns through genomic pathways in
Helicoverpa armigera (He et al., 2010).

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://whw.cnki.net
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2.2.120E 1 24k EcR 58S 1EH USP

EcR 5§ USP LRI — REK XA THEZ TR 20E 5582 E N
. EcR 5 USP MIZHEHE AB 3 (EFRBUEX), C i (DNA £41X), D (&
X)), E B (MAELEEX) M F 3, FERPMEET EcR 1, AKX 4 USP (Clayton
etal,2001). SRIEH EcR PIE 371 S8 8] DI 4 45 =1~ 5% 1494k EcRA, EcRBI,
EcRB2. =M R EFGARKNAR S, ThEet& 8 FFE (Bender et al, 1997;
Claytonetal, 2001). EcRA RiATERHALAF, EcRB1 RIXFEW THIL RALH.
WA R KR, 20E 7] LZEARF G 5@ iiEs AEE R, SIRAH
Z (A ZE Rt (Schubiger etal, 2003). FEAZE USP M1EM T, EcR # AAH B4
4 20E HIBE /7 (Grebe etal., 2004), {HE 20E 44T EcR &2 EcR/USP &4
TR, FERREIE &R — 13T EcR 55 20E 454 (Yao etal, 1993).

B USP 5HHsh WM B[R E—3 (Yaoetal, 1993). R+ USP H
WREEE—/, R44EE A ZHELUY Henrichetal., 1990). EcR/USP R R &
#55 EcRE M Z5 &K #iT 20E. 7EMAE Rk &5 2 WFF USP, USP1 #1 USP2. itk
ANEE E A R i 38 K AR T (Wang et al., 2000) FI7R#AE (Tan and Palli, 2008) 4 [7]
P& EE| PR USP, T R% EcRBI M USP1 R 44 7F EcRE b (Riddiford et al,
2003). USP 7£ 20E E 5@ BT RLFN, 25 20E FEFHNERER LUK, &E
T2, B HRPM USPI & A7E4 P . #%] USP1 MR1A, 20E 53 FEE FKiE
HEFH (Zheng et al,, 2010).

2.2.2 HR3

HR3 & —F 2 BRIERG, € HR3 K/E3) FX % T 5 EcRE 55 7] LL&:
4 EcRB1/USP1 E4&4k, iF# HR3 5% 20E M E & (Lan et al, 1999; Liu et al.,
2014a). 20E £ A [E R BBy BOfATE Rl HR3 %A (Koelke et al, 1992). HR3 7F 20E
155 BEVATE RIE, EHERBF 20E 7 12 h AHRE EE HR3 i mRAN K
ERFMEEZH T (Pallietal, 1992). fEF 18+ DHR3 B #: L1 B-FTZ-F1 # xH
T RIZRIA TR0 B 2R3, T E75B 7] L4544 DHR3 AT T B-FTZ-F1 B#Ex
(Horner et al., 1995). HR3 fE BH F 407 )&, 724 FPFE 3% 238 WAL . HR3
BERT i B RS A — A 3R 20E HIThEE, {RMEERFE F R RTA, HATLLE
S5 RBIAIES 20E G648 20E155, {3 20E 75i& HVEE AT ThRE.

Ma%k U HR3 FFIU HEAEK 1668 bp, 4rfS 556 N EAERR . S50 45 Rk IR

12
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B 54 HR3 BMfk. HAUA (1-4) SR THEIEE, Bi—NEHRE
BBEFEREHESZ (Zhao etal, 2004).
223 RERHEEF Br

Br R—HEBHBLEMNEZRHAT, X N HAE—MMRTFH Broad
Tramtrack-Bric-a-brac (BTB) EHAMEAE ALK, £ C RS HEHREWE, &
4 DNA (Bayer et al., 1997). TERERIEKPLEEES] 4 F Br TR, REPEES 6 F
(Zhou and Riddiford, 2002), U4 ¥ A7 5 FTER (Suzuki et al, 2008; Uhlirova et al,
2003). Br ARERMEFEEARA K R F I HIKRFRIERIEX Mugatetal, 2000). 7ERE
H Br-C FRRBEREHRES ERMEHRKIAZEERKMKE (Sandstrom and
Restifo, 1999). Brz-4 541 H4F REW LR 5% (Zhou and Riddiford, 2001).

Br-C BE&7EME RN RRPHIEHS SR RNESERE. HERERK Br-C
HERHESPRBEENS 20E 55 (Zhou and Riddiford, 2001). R, #% Br
FIEHIFE EHE] TSR AL (Parthasarathy et al, 2008). XE#8 18 Br-C 7€ 20E
NS R BEA SR EIEE BN R AN ERDS R TH s E 10
1 Br-C AT 4 #1858 =) 5k R K #6548 (Konopova and Jindra, 2008). 7Efa% 4 w3
# Brz7 25 20E 552 &5BES. EAKMNE, 20E WA, BrZ7 BRI
FRFFETE, MERAH, FIKE 20E FSRE Brz7, AR R RIEIRE (Cai
et al, 2014b).

2.2.4 X3L#EEH Forkhead box O (FoxO)

FoxO BT CkEARZEFEBERE . EMAYHFFE 4 FoxO (1. 3. 4.
6). BEl R R fh R% &3 —# FoxO (Junger et al., 2003). i 55 & 645 @it Protein
kinase B(PKB/AKT) %% FoxO 7EH BT Ff & 4 BERR 1L R3] FoxO HI3EHE (Saltieland
Kahn, 2001).

R, " 20E 54 FoxO BB EAL (Colombani et al., 2005). 75K % (I
RANFE BRI 208 LIARIE FoxO I e fr fe4n b (23 7 IR B 1 %
FiX (Hossain et al, 2013). R #EF FoxO W LA 5 USP M EERN S E BERN A
(Koyama et al, 2014). 7Ef# B4, 20E LIERIX FoxO, MERREEF TEAE
ZHAE A . 20E 7T LA 1R 5 F % S0 FoxO BERRAL FHRAF FoxO A E4IMH% (Hou
etal,2012a), FoxO % &7 DNA L FoxO &4 70fF (FoxOBE) &% BrZ7 W%
HKFIBNTIRAE BRI R RSHRE  (Caietal, 2016).

13
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2.320E MIIRZ kR

BT EEMZZEBRE, EH BT SERUE Y 20E 7T BUE T 4 B i 32445
EESEBRRN, RAREARZERMER. FERAREARR A S RENS
&, EERERBRPEARMEMEN, BiFEEmEANBRIL. CBL, O
FEAREAE . 20E WERRARBEN T 20E ESPHEFEFEENA A,

T-type Ca™" channels
| TRP channels

oo _ Nongenomic pathway

Cytoplasm

N\

I Gene transcription

Metamorphosis

1.5. 8 9 20E FIEREHBEE (Liu et al., 2014b).
Figurel.5. the non-genomic pathway in H.armigera (Liu et al., 2014b).

23.1GPCR 25 20E 5 58 R

ERA Y, MEESECHMEE LK GPR30 HHEMA CaHEZRH K
cAMP HIHHE 4 AR (Maggiolini and Picard, 2010). 7EXZ& ML R REE KM
GPCR 25 20E {5 52 & HEMR AN Ca> {23t T- (Manaboon et al., 2009). R
BEOHERETHRH — ML EEZ4E DopEcR B84 A 20E (Srivastava et al,
2005) . ER B RP HR S 2K AWM GPCR 258 BERES K H ., B ErGPCR-1
M ErGPCR-2. #ERK A % UK %) S 73 T Bif ErGPCR, 20E 5 R HUE FR
B R R RAR EBENH, EHFFET 20E EIRR RPFAEBRGER
(Cai et al.,, 2014a; Wang et al., 2015).

GPCR M BE L B R Z ik SEAL & W, BEAMEBNsIE FHTE. GPCR
ERGZEEUEEE, ZESWEELE, KA GPCR BBl. BRBUIERE—RIIE
A4 FI55. GPCR MBLEURY GPCR FELI—MEZEN RSB ATHH, Bt
RIS MM S ESL (Krupnick and Benovic, 1998). 4 R BHFF GPCR



thRKREFH 26183

HEARE RBREYLE . 20E @i ErGPCR-1 Fll PKC 4+ B-arrestin 1 R BEER{L, {21E
B-arrestin- 1 EMEMMAS ErGPCR-1 A EAER KM% 20E {55 (Zhang et al,
2015). 20E Ei GPCR kinase(GRK)ZF isFIBE BRIk 5 #E GRK [FI40 AR R, &7
MR b ) GRK-2 5 ErGPCR-2 #f EfE FIff ErGPCR-2 AR LM, M%7 20E
{52 (Zhao et al,, 2016).
2.3.220E S EH BRI

fERSP, 20E @2 EcR/USP M HRXE S HE kit EHRERER. 7
EAERES, BAR BRI S EE. BRHE AR F EcRUSP BHERE
BRERURE A4S DNA Bl SR & o EcRE B 4568 BAN ] BUR Y . 76
RiErh R FREF USPE2EESRE PR AR (Livetal, 2014b; Song
et al, 2003) . 7EARRR A FEIFER I 20E W] LUBLBEASEE C gamma (PLCY)ES
USP1 RABEMALESE EcRB1 5 USP1 M4&, XMBHRIZ PKC #H#ZE(Liu et al
2014b) .4t USP1 W Z. BEib [F #E{R 3 H 5 EcRB1 FIAHEAEA (Jingetal, 2016).20E
#SH CDKI10 HMBiERLFFE R T EcRBI/USP1 ¥ RE AR (Liu et al,
2014a). X LR IEFNERA T 7 EcRB1/USP1 # R E A KK BGI R 20E M EHA
BB e &+ R . s ERE dod, B BR 20E RS RES RE
Zity R A Calpnin PIRBHR LT B 211 fil(Liu et al,, 2011). 20E EREFH T B2
4 ErGPCR-2 (Wang et al, 2015) ) i 1k, DAKifid ErGPCR % 541 i R Ak s
EH B CDKI0 HIBEBRIL (Liuetal, 2014a). BH 2 BIIRFIM 20E #5-F p-arrestin- 1
(Zhang et al., 2015) F1 GRK-2 FIBERIL. (Zhao et al, 2016). HHI AT WEFEHFE
MRE 20E (5 S H @A TR MR EE T B EZERNERILE,
2.3.320E $F Ca* W EEL

FERMEI Y, BEBHETRE SRR N Ca? KM EA. A, MR
RGN LM GPR30 MM Ca? i YUl AT (5 5 RIKR PR (540 Ha g
¥ (Maggiolini and Picard, 2010). 7ESPER4HAR, BEECEK FHERT DARA BB Ca?* K
o EAREBVARE T, £4K D ZH GPCR /t 31 PLC-IP; £ ESHEKR
Fi5| R Ca? 3N (Civitelli et al, 1990).

FERS S, KEREE 20E @5 2N Ca RERLRRERRE. &
KEURAM (Igaetal,2010) PAEARRIMELLM (Caietal, 2014a)F, 20E ¥
WLUERE E GPCR Mt RIS SEEMMMEA Ca?* /K. 20E BE% 5] S TH R

15
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KRR Ca2 ¥k (Nijhout et al) (Wanget al., 2016b). #KHiT MM Ca? WK KT+
B, 20E SN E S EE T H%Z (Liet al, 2016), AR Ca2 ¥ THEEA
A E CBAE [T (CaMKID {REE F#FJing et al, 2015). BT TIEERH 20E
T[LA#5F Ca?"ifiid Orail BIEH ANMME R R EHMA T (B 1.6) , FizE 208 @it
Orail 5| SOCE (Li et al,, 2017).

2 ’ ] ~ = 5 g -
KA Ca?*=———3 EcRB1 ISEBP-Ac B
N “- (DNA— ERE —m787F —— )
L Y

/7' / ——Oreil H2’3/8r27
Caspase-3

Apoptosis

1.6. #3¢& Hiep 20E 5B Ca> R BN (Li et al., 2017).

Figurel.6. 20E increases intracellular calcium concentration in H.armigera (Li et al., 2017).

3 20E S5 HARE FiEHEFET (PCD)

PCD REMMA B LIRTEEN —F. ERRTZRE IR 208 ELFEhHA
3 PCD, AIELBYIHESL (Schwartz, 1992), BEBh#HLZIT (Streichert et al.,
1997), BIZHR (Kakei et al, 2005)LA K H % (Dong et al., 2015). ZEZhH R 5%
WRPYHALZEHF R, RRHRZHT K.
3.120E G4RRA T

20E FE@if PCD ¥ 54 HA L MR . £ 42 BRESRFIMHHE TR
g1, EB 4 EA IR R A AR TR A AR . RS D, FENEBRIRE 20E
BRETHAERKR &R PCD A\TREMHEK(Yin and Thummel, 2005). fERKE
YR H, 20E &5 -F novo ZRRRIX (Terashima et al, 2000), LA RBE/E 40 AR &
46, dBEUC4E, DNA FBAL DL R R Bl . 3IRIX A0, 20E RIS 144 h
JG, GMH BT ME (Terashima et al., 2000). ZEX &ARM; 4, 20E ifid EcR/USP
HFEABESRETERRKIX (Tan et al, 2012). REEHFZKTE LS BMAKET

b6
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RITIZA I, 20E el JEE K 442 (R4l T (B 1.7) (Iga etal, 2007).
EFRTLBARY, BEEEEERAEZIFEMMET. 20E 5/ &EA Ca?/KF
A&, W EAREE C (PKC) LK ¥R L8 AFF caspases HEM {24 DNA ({177
B4t (Iga etal, 2010).

20€ O
\ Membrane
. receptor
Cell
Cytosol  membrane

Nucleus *

O ey T
receptor Nuclear

* condensation

Early gene
Cell shrinkage Nuclear fragmentation
Apoptotic body formation DNA fragmentation

A 1.7. 20E il e RFARA R FHERT: (Iga etal, 2010).
Figure 1.7. 20E promotes apoptosis through the non-genomic pathway (Iga et al., 2010).

3.2PKC 54y

PKC B TF4ER/HEBREOWBERIK, €5 HEARNZMERTIME, 0F
YHAIGTE, AAEEAI A T (Newton, 2003). PKCo. B & M1 ¢ BESSHNGIET,
T PKCS £ % T 2S840 B o 7f LA(R (8 4 ) T2 ZE AR B AR CS 4 b, #f] 7 PKCS
FIVEPEZ EHH] T RTHRRE, BFEHE] caspase ITE{L, DNA B Bh LR FE LT
/MERIFE B (Matassa et al., 2001). RASFH LA T PKCS, ERIEHEE (AT
FESH) FEEESHMET (Humphries et al.,, 2006; Leitges et al., 2001). fEMNZHT:
B R R AR, PKCS 2 T(H 5 RIBUS G, SR PKCS F iR
ANYRHAZ, caspase-3 7E PKCS ) C1 HAEMIZ MG RERBEATIIE], BEUEL
f1 PKCS 43 B, &EHITHET (E 1.8) (Reyland, 2007).

17



AR R A0

Apoptotic Stimulus

PKC&I \

——
Phos -Y-PKcs  Caspase-3
- Caspase-3 >

phos—Y ~PKCo wew 5CF —-‘apopfosts

A 1.8. PKC & {REH AT RIPE (Reyland, 2007).
Figure 1.8. The steps of PKC & promotes apoptosis (Reyland, 2007).

3.3 Ca 54 RFE T

MR PFENZURESESE THAANL T2 5800 R i 8(E
SR, AT EREYREHIERE (Berridge, 1993; Carafoli, 2002). BT 5 54
FfHnt, SNAIMSE R (Berridge, 1995) FIAEKAKE b, CHE 5SS 5S4
AT UK HZURSE (Brini and Carafoli, 2011; Carafoli, 1994). Ca2*i% SH 4HHE 1=
W RN AR CaZ IRIE T @ SR bk @ FE Y, PR RS E B ERE
(Sekimoto et al., 2006), Z& Rtk 4R (LK C FME TS S T AIF BB U 41
Jii, &K Caspases {R# MM T (Galluzzi et al, 2012).

BAh Ca? BE NS BB 32 B/ 4& 15 5 HH. AR LA E Ca? liE s It
TCHETIE 18 Ca> @1 Ca? B N . FEMMEE LA E BN Ca2 @il (ROC)
FIFILER A Ca2iliE (SOC) (B 1.9). fEHi ROC 5L (ROCE) H,
ZhSEAE S FEEEUES 584 ROC il 5| # ROCE. fifE SOCE i H, B

SRR BB 5 R 5 AT BRI R Ca BB R, WS HERE, A
R |- ) Ca?ti 5248 STIM 518 B/ SOC & M EfE FiFF /X SOC i, &4
#2 SOCE. SOC i {E g #ia i b —Fh B ) Ca> BBTE1E S5 KI5 2 GHHE 44
B (Lewis, 2011). Ca?"iii# Orai LA S BBT Z A6 AR FIB1E (TRP) #JE T SOC
WiH. 1981 4F, SOCE kA BEARA b4 iR (Putney et al, 1981). 7EMZ /G,
XPEHESI Y SOCE 8948 Bl K 43 -F oLk B 70 i fF SRR (Parekh and Putney,
2005).
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Receptor-operated Ca’" Entry

-operated Ca
Ca LNaT Ligand
B! S 2 > GPCR u
TR s > v;-\-u xv
SEASE S e e "\ r‘!bﬁs ]' ,»
/ tore Deoph ;.Lc
" >
Ca Ca -
- C‘:: Ca PASMC:
5 = } Contraction
[U Ca"l...

Proliferation
Migration

@ serca ][ P, Receoptor

1.9. Ca* B BB _E A ROC EERM SOC FEAR7EE (Kuhretal., 2012).
Figure 1.9. Calcium influx through ROC and SOC on the cell membrane (Kuhr et al., 2012).

4. FRTERRL 2 R R 5o 05 R
GREERETEFERARERESDARAESES. REEORRERRK
DA K W40 B b 1A AL, T RIS AR A 20E iR MHAXERNRE, BE
REMEAT U ERR KR, EidE+d, X 20E SS9 2E5REMESs
FHWSEHT TR, XEHALERILFRTET 20E L4 REZ &4 2 103k
EEARR. B 20E REMRAT /S5 TIHERARERER. flncEi
i# 20E FIBAZE PKC AIEE AR SRR, (A% . B2 A4S —H# PKC
25 HEA FHNIRE. I, EcR 5 USP R R HE &44E EcRE 1%
F#R. USP BRI BICE YR, T EcR RAE v A smit, HERK
BB MBI AR . 20E B A Ca*RENMMEEA SR CHRE, A
) Ca? ¥R B34 bl H o R B34 #RiE, iE¥ARE T SOCE. {H RIEA#ER SOCE
MEE, STIM1 AR FRIZEMIIER UK STIMI £ B ith FER NI A RBRIER.
AR FI AL R PHRE CEEAF AR, RNGE LR SN RRRRE
K4IMi % HaEpi, i35 FEWFHEARR PKCS L AR REN BMRIERA
7, EAIRLL kIRE. F3PKCS MRS, #—2 %% 20EF548%. @l
WFFL STIM1 Xf 20E #526 Ca¥ Bl m, LKA 20E B THEAREREEE
AR STIM1 KIZhRERIEmT, #—2 iR STIMI 78 RBRE SR B st
AT 4-FHLH], Wil 568 20E B Ca?E 52 2. B ERED KR, #x
SR MRET NS TFHE, FERARSREERARE, NUEHER
R R B TR, XT B Rz IR ATE B R4 i i i A IR AT B R AR AR,
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8| F PKCdeta B 5B 20 F M EESEERHMAMET
SR TR

155

EA¥EE C 5 (PKCS) BTLER/FERELWEE C KRk ERMMA IR
T2 B E {EH(Reyland, 2007; Zhao et al., 2012) . A PKCS B& =/ MRFII ThEE
Cl. C2 MMEMAEMR. £ NERTESRIBMK RS, caspase-3 £ PKC § /Y C1
BAME I 8] B2k K #EAT 1%, BBEALE) PKC & {1kl B . TE LI PKCS
£ YU B BT RE DI A% i T S MEA T (Reyland, 2007). RIEHRIE, AN
4R PKCS 28 359 7 L2 MR BEBR 1L BEE 1 9% PKCS HUIE 4 (Gong et al.,, 2015).
7 HEK293T 40 fii, SR 507 o 75 8 BB R (LX) T PKCS MRS R
WBER, TARSMNEENARFEE (Luetal,2006). JEBBRILKBERIEERERDK
BAEE . SR REES fH) PKC HE S N AR BRET MR T, IEXEHR
MR RT G S SBELIIEE FIBK (Garcia-Paramio et al., 1998). it &1k PKCs #
g R e A T 4R 9 B E I SAM AT (DeVriesetal,2002), HZ, S
PKC3 K&l LisE REFIIARMIBER, FARRFKHMAONLEBREE.

KEFEE 20E £ R RAEY A4 (Adler and Grebenok, 1995; Gilbert,

2004). 20E 7 B AR S E P s fe e rE 4t T (Riddiford et al, 2003). #E7%
MBS, 20 LR MM FEIEIE Homem et al, 2014). ZERELHidr, 20E 3[&
0 B W A TS B B (Li et al, 2016). EEEREDUE REMITIAE (Lin et al,
2015a), {22 PTEN [k (Caietal, 2016), LAK{Ei# Hippo {5 SR FRFEFET
(Wang et al, 2016a). Jt51, 20E &85 2 4E —Fhar o i o 550 F SR 4R N AR 1903 g P,
T HRAEWHALBEERHENBIER (Hunyadi etal, 2016).

fERHA, 20E B {2F EcR/USP M R E A H3E (it iesh B MR . #£
EAERES, BARMBRLTSEE. BRANEARY T EcRUSP WBH#RER
BT UK E G155 DNA Lt B S R % 7ol EcRE 145 &8 RN A BiskiG . £
BiEftEE M (Linetal, 2014b; Songet al., 2003) R FEFRFET USP 7£ 20E 5
SREPIREBERL, FFHXHBRNZIE LKA PKC AE. FiE WLKRHRL
B3 PKC M3 FISRAE B . 1R R E &N S — AN AR5, EcR BIRRLE

"
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FE&SZRIEMAEKE (Sridhara,2012) CLEFER K (Renetal,2014) F35 K I EcRB1
S REBERIC. (B2, EcRBI BFERMLMNLHILAR 2 PKC HIZHARIBE R

FEAZE G, RAIUSEHE B ife SO A X SOREZ B LR S, 8RR
20E VA% EcRB1 HIBERALVLHI LA K PKC E SRR P HHMER] . RITWIA RS R RS
FERRR 2SI 0], 20E BE% B RIX PKCO. PKCS R4 R A TR Y 4R
FET . dhsh, PKCS IERES S TR B Y 31X . PKCS 7EHELEEM3R H /Y 1343 42
AR RE R A BB, ZBRRILX EL caspase-3 T4 HE . PKCS FEAME
Y rh BB AL EcRBL {23 7 EcRB1/USP1 28 &AL &5 EcRE M &4
HMIAEERNES. XBERRPALRSHNY 20E @d LiARE PKCs # R
EcRB1 Bk, {RAEEEFLX, BRLPEAMAT.
2 WM R E Tk
2.1 KR}
2.1.1 LR FHY

CAfR Y . B B B AR RS HUAMT FUXT R A8t 4 L 7E S 50 = b TR 9
B 2711 °C, BN 60%. —RIGCHENE 14h, BEEEE 10 he & AT MIRE .
2.1.2 LR 4

MR RE R AR 4B AN AT AR 3%, BT MR ARKAMA
(HaEpi) (Shao et al., 2008). F%FzE #1 B H Grace’s B FRFEFE I 10% 1 fn 4 1l 75 124
ITHERESE. HERERERN 27 °C. MM R A TE5AE B i AR,
2.1.3 LR

TRIzol RNA 2 BUAF (B 7, b5, FE), cDNA 3 —8# kR EFRA A& (abm,
MEKX), %HEE 2xSYBR real-time PCR pre-mixture ( BZ5%, L5, FE), RIPA
AW (BrK, dbFE, FED, 20838 L E (20E) (Caymanchem, ZERRM,
*%E), DNA B&l (2xXe, b, #H), ZHEEMNDMSO (FEE, b,
PED, HEHE (ET4Y, b, PED, EXFER BRREEEERE (B4
Y1, L¥g, HE), T7 RNA B4BE. RNA BHIF. NTPs (GRER /R, fEmps
¥, @), Grace’s #5375 (Gibico, 414, £ H), $F& G4 75 (Biological Industries ,
PLEg)), S MER GETEY, b, $EH), DNA 1 RNA #HLRHA)
QuickShuttle-enhanced (181, JbE, FHE), DNA REENVIEE GERGIEIR,
ey, £E), ABiRREA T4 DNA E# BN New England Biolabs, ZH), kI
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REGEH & (F5, Hig, PED, BERTEADE (HRP) fFFic 5 RMEHA
IgG, WMEBIEBR DA ERAERIMBR R (hE, dbx, FE), WEHR*L
ZH ALEX488 (inveitrogen, R/REFE/E, 3£[E), GFP/RFP/His H3fEHiE (X
R, B, FE), dsRNA & RRAFIE MEGAscript™ RNAI kit (EERKHE/R,
EREEST, %E), Caspase-3 MR IIAFIA The NucView™ Caspase-3 assay kit
(Biotium, Hayward, %), R B UTRIKFE ChiP assay kit (BZXK, b

H, PED, BBRAKFENRANE (T4, Big, FE). GPCR ##57 suramin,
PLC #1771 U73122, IP3R Y3011 771 Xec LL K PKC #4041 771 che lerythrine chloride (CC)
4',6-diamidino-2-phenylindole (DAPI) K 45, HWE EEAKE LA, Hib
R R B B 2 ek .
2.1.4 LA

PCR b B G B AR 5=, ik Rk H A 5N — A 74P,
BESCIET B R A A=, B BN 579062 & PCR VB EEHE KA
B, mIEATREOHLRE Eppendorf A & 472, Olympus BX51 %% B4%5E F{E]
BRGE MBS MWHE HA Olympus M Nikon A8, FIEBALERESHEREE
EHEH A,
2.2 LERHHE
2.2.1 41481 RNA BRI

BIE MRS RE TR, GF SRS, SREEY, 6 6h A Rk)E
B0 24 h %0 . B TRHIBOLRE, TR AR 50 mg, BEETE 1 ml
TRIzol FIFFEE B8 T Ik LA BB . R W m e E BB HA K E G, 15000 rpm, 10
min, FEEBETHEOETIMA 200 pl &S, EEREY 10 s B0 RS, 28R
#H 2 min, 15000 rpm, 15 min ¥ &G NOIREEEKME, Y17k R HiE &GS
B, %% 25— RNase WELET, MAFERKREER, -20 CUlEdHR. &
J& 15000 rpm, 10 min B0, F EiE. B 1 ml 80% M ZERyTE, B OLEEHELE,
RT3 EIEI 92 RNA.
2.2.2 fAHE R RNA FHREL

RN FLAH M AR P 0 GH 55 BE 7K 100% 0, A3 1xPBS (140 Mm NaCl, 2.7 Mm
KCl, 10 Mm Na,HPO,, 1.8 Mm KH,PO,) $E—K, M 1 ml TRIzol 7 43WR3T R
4. HENHAREBETENBEOCEY, ZER ERERTE—H.
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223 H—% DNA BB
iR RNA F& RNase fI/KEME, %I abm A T4 # 5X All-In-One RT
MasterMix REFIRF RN FERER cDNA. REAERIT,;

RNA 2 ug
AccuRT Reaction Mix (4X) 2
7G RNase 7K hnz 8 ul
42 °C 1% 2 min, ZREEMOA

AccuRT Reaction Stopper (5X) 2ul
5X AlIn-One RT MasterMix 4 nl
JG RNase 117K 6 pl

25°C §%# & 10 min, 2 J5 42°C %8 30 min, HJ5 85 °C & 5 min. -20 C R 7.
2.2.4 HHRHE IR

5 ERR I RNA BB 73— 8, B$IERRHARER AR 40 mM " (pH 8.0)
TrikHCl (& 1 mM 8 PMSF) it B, OB EEREZ2ELERAKE L, 15000
rpm, 15 min. # LEEBIHGBELE R, BRMEAHALED.

2.2.5 40 MR ZE E BRI

B B IE R 90%-100% )5, A3 1xPBS ¥ —¥, A 1 ml1xPBS(& 1 mM KJ
PMSFE), P4l fiz BB, REEBEE OEY . 3000 rpm 2 min A %E
0, EIBWELIN, A 100 w4 RIPA REHERMME, K EHE 10 min.
2.2.6 ZHE W&

MRS R4 P o 3R A3 PKCS ¥ 3° 555 51, AR RIBR Bh ) BT 4R 4R 2 I 5 3L
BREE M 5555 . 85 BLASTX( http://www.ncbinlm.nih.gov/) 4347 )BT PKCS
§1 5 3 A REX A B kit EE R A R 514 PKCS-F: acgegetcegatgagegac
A PKCS-R: ctgegectgetaaatgtaac. it PCR #i8H PKCS &K, REWFRIE.
ExPASy (http://web.expasy.org/translate/) Pui%H € PKCS B AL R EEHE (ORF) [F31 .
SMART #fF (http:/smart.embl-heidelberg.de/)5 §T8& (R 454018 . | MEGA 5.0
#1 GENEDOC R #H3E47 52 1 77 51 He 3 B E AL 4% s 45
2.2.7 £H £ & PCR

PAREZ K cDNA B—8E AR, B xR RT 5140 (R D IR T IHER
BC B SN AT SE I E B O% PCR.
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WRAZE LA

cDNA 2ul
F 5% (1 pM) 4l
R3% (O uMD 4 pl
2xSYBR real-time PCR pre-mixture 10 ul
SAEIR 20 pl

PCRBEF#A: 95°C 15min; 95°C 155, 60°C60s, 78°C ¥R 2s; 65 °C %

95 °C AT MR 2%, 1AIB% 0.5 °C. K13 Ct{H)5, AAR 220 {HEMX mRNA [

FRIKIKT o 288Ct=)laCt FRA- aCt ¥REL - AC SIS R RIS AP R CtES NS

B-actin ZE W FIMEZ #. ACt X IRARRIBAPEFEN Ct{EE5 NS f-actin

HEFEz Z. 2=REPHEEN=ZRBEAKEE, BINEELRESIT
(£SD) i AT EEHER (*p<0.05, **p<0.01, ***p<0.001).

1. REERPCREY

Primer name

Sequence (5°-3%)

PKC8-RTF acgccgtgaagtgtitga
PKC8-RTR cagaggtagggatggttagtg
EcRBI1-RTF aattgcecgtcagtacga
EcRBI-RTR tgagcttctcatigagga
USP1-RTF ggtectgacageaatgtt
USPI1-RTR ttccagetccagetgactgaag
HR3-RTF tcaagcacctcaacageageecta
HR3-RTR gactttgetgatgtcaccctecege
Brz-7-RTF ggtgactgtecttactgeggeat
Brz-7-RTR ttaattcctttgaccatgact
caspase-1 RTF gagttoocaatgttgtatect
caspase-1 RTR gatgcagacgatgatccatca
caspase-3 RTF ggagacaagggtggagaa
caspase-3 RTR ggaaggcgtetatgtget
caspase-6 RTF getgtgatcagtgetacggat
caspase-6 RTR ccgaatcagetgeatacactt
B-actn RTF cctggtattgetgaccgtatge
B-actin RTR ctgttggaaggtggagaggoaa
2.2.8 BAR AR

B ERFHBASRAEAN LR, H Bradford % (Bradford, 1976) U EEH
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W, H2ZEF 122 mg/ml A 172 FERE SxE& B 5 ACER A EW 10 min. 7E
4~ SDS-PAGE MIIIFEALIAN 20 pg WEAHITHRIK, BE4ERFE 100 V,
SDS-PAGE KWK ER 7.5%, 12.5% . RERAETEREE, #TEAFRHE. BH
0.45 um KB BRAHE RIE . B8 IS BRA SS% M MAE k3 i 1 he BRAR SO #F TBS

(10 mM Tris-HCI, 150 mM NaCl, pH 7.5 % . 2 JGH—PiiF 8,4 °C T W . H TBST

(TBS AN 0.02% Tween) ¥E=IK, FFIK 10 min. A IEBERR BEARC AIEHT Sk
LRI Z 50 1gG 1:5000 #B:f5 18 E 2 ho FFE TBST ¥ =K/E A 10 ml 9 TBS &
5% NBT # 5%/ BCIP. BiE+H 2520 min.
2.2.9 HRERE MR

#E 8 IE B3I T I0 plBx-4-His CR B3 SUR B R}k A4 5089 M.Jindra

%) A THEML SR HaEpi Ml R I REBEHE 0. HAEREREES GFP M
56 E [ RFP # ORF F 53 A plEx-4-His &1, #j% gl pIEx-4-GPF/RFP-His fii
Kio FEI BORAG BeAl EARAR B IA K ZEE )y B\ GFP/RFP 28T . AR
MERIYE PCR T HLERKFER, £4itk. Y. EBRLPERFBA
plEx-4-GPF/RFP-His #. S|#HFE 2. Bt Bt it FOR AR M 2 SR TS
1Ef.

R WRBIRZEBRGHENY

Primer name Sequence (5°-37)

APKCéoexF tcgttaacacgtcaagagaaggecegtgagacctt

APKCdoexR tggeatccgegagetegacgggggte geeteegece

EcRBloexF taacacgtcaagagetcatgagacgeegetggtataac

EcRB1loexR geaggegegecgagatctggage geecggegagiecgeca
2.2.10 PR AP EHERE

B RLAR BURN SR B A KB FF I E.coli HRi8E M E KR . WH
WE Tt — I By S 07 i DNA SRR, 8 R B — B IR (500 ng/pb).
FRARmEE SRR D AR 25 A 80%, BEATAMMIEE S . DIATLIREI— ML A, 251
DM EHEBELETIA 100 pl 1 0.9%# NaCl, 4rbrids A M B. BHETE A &
TN 10 pl f9%E 423877 QuickShuttle-enhanced, ¥85J. 76 B A 5 pg BIFH, I8
. #E30s 5¥ A 5 BIES, FEASFERBIENE 2 mIEFFENEFRALFR.
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27 °C HEFRAEHEFE TR 48 h, AEBETOLEHE THREIOCBRRA ERHE
AR ENEAMT .
2211 HEBRESES

Fl DMSO {EAH YA MR 20E, AR EAN 10 mg/mL (20 mMD. FGHEH
PBS # 1: 100 BREAREER 68 6 h 4 HRES 5 ul (500 ng) B 20E. [FBF &4k
FAH DMSO FoRE Wi g Sk gh difk A fEJ9xg B . 22 AIFE 3 h, 6 h 1 12 h Z JR $2HL
R g R RS RNA. qRT-PCR 4347 PKCS B mRNA A8 XFZRiA K F.
22.12 IRBEKES

fE HaEpi 448, A &% 2 uM 20E (955 7R 254 HI5% 5 404 15 min, 30 min, 1 h,
3 h#16 ho &M DMSO LL#E AR AE AT, 2RI RNA, qRT-PCR
4347 PKCS [ mRNA FEXTRILIKF .
2.2.13 M-BERRRE AL B

B pIEx-APKCS-RFP-His BY plEx-EcRB 1-His i Fik i #iks Zu it 4 48 he
FH 2 uM 20E 43 30 min, i RIPA ZEW (50 mM Tris-HCL, pH 7.4, 150 mM NaCl, 1
mM EDTA, 1% NP-40, 0.1% SDS) #REMMEE H. 40 pl FEEMA 0.5 pl 1) A BYERHE
AR, BRI 5 pl IR RGP RAT S pl 59 MnCly. 30 °C #%F 30 min. 2R/EH 7.5%
IR F SDS-PAGE #A7 8 H B AZEIE, MINER R TERZL.
2.2.14 HE $:68

Bkt : 4385w g A0 A i A 4 41

M. 4%RZRPERE, 4 °C K

PRAEREK : 50%ZBE-70% 2% -80% 2. BE-95% L7 -100% £ BF-100% 482, & 30
min;

BEH: 50%ZEE S0% _HEIREW 2 h, ZHE LSh, ZHXE LS h

B HLETE 50%A A 50% — FRBE AW TR 40 min 40 °C. HLAHE |
30 min, FA#5Il 40 min, 56 °C.

fi: F 45-60 °C FFER HIEASRABL TR AR, ERE, BRED
KA,

PF: BYANEEEHABYTIRKERTI R 7 pn BRI

Bid et . — A 20 min-— I # 10 min-FE/K ZBE 10 min-95% Z B 10 min-85%
Z.B 10 min-70%Z.E% 10 min-50%Z.B% 10 min- [ R/K Mk 10 s-7AKE L 10 min-
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IR RF B8

B RK P 10 min:

b 1%HEBRTER ML S s, ESRKMEREREE A,

e, LGB 1 ming B RKMHYE;

i 80%MHmE A, BHRET 4 C.
2.2.15 dsRNA BI& R

FERULAE Y, —stid ERIAESHA H B didh RNAT B ARMBAE LI (Terenius et
al, 2011), EEE/IFCELFRE LEREALBEFR 10 NME 25 MR HERTIE
BT RNAIFE AR (Xuetal,2016). B dsRNA TE48 B0 B i T EI AR
B v O3 SEAR R IR 15 (Fire et al., 1998; Zamore et al., 2000). A& it iFH
S T7 /831 TSI cDNA ¥ K% 500 bp FEEFF B (K 3).
Ul T7 B3 FRIFEERE B BOVER , #8 MEGAscriptTM RN A 7 & # R 1)
J7iE A B dsRNA . X dsRNA BI85 3 k9% RNAL Dhde+ 70 o< . AT B &A5
FiERIR4E4L dsRNA . TEA) DNasel [/ DNA #4705, FZG RNase H7KAb 23 200
pl, SRJEAIN 100 pl BB 100 pl FIEAH . 1BEIE 4 °C 9000xg B .0x 20 mins
FESHEREMHE SREEL—R. B LEEBERE M 1710 1K 3 M

(pH 4.0) MIBEEBRANAI AR S /K 2.8, JRAIE-20 °C EH. 4°C 9000xg B>

10 min YEE dsRNA. T5%MIZEEHE—IR, BOERLE, ZERATEM 20 pl KL
RNase 7KiEf# . BUDYF dsRNA 8iT 1% KB B s vk /e U & B2t B BOR

R3. ARTHRFBHHRSY

Primer name Sequence (5°-3°)
PKCSRNAIF gegtaatac gactcactatagggate gatggacttgtcacggta
PKC3RNAIR gcgtaatacgactcactatagggaatttgecggtttagatgeac
EcRBIRNAIJF gegtaatacgactcactatagggacgctggtataacaacggagga
EcRBIRNAIR gegtaatacgactcactatagggaagetggagacaactcctcacg
USP1RNAIF gegtaatacgactcactatagggacgaaccatcccctaagtggtic
USP1RNAIR gegtaatacgactcactatagggaccttgatgageaggatetggte
GFPRNAJF gcgtaatacgactcactatagggatggtcccaattetegtggaac
GFPRNAIR gegtaatacgactcactatagggactigaagttgaccttgatgee
2.2.16 B4k RNA T4

¥E R dsRNA I HTCZ BREERT IxPBS RS EMIWE. S # 12 h 1Y
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g BFIKE 15 min EEIARSIA 1L T E K dsRNA RS A0 i 80 /S EEAN 4
fmEd . BRERFEFHEIK dsRNA, K 5pl. F—RFE S8 120 ghlh i35
1 pg dsRNA, BIKEE 68y 6 h T BIES 2 pg. BATFIMELRAE 30 RghH, HFE
8 3R, N dsGFP {ERXT R4,
2.2.17 418 R RNA TR

S5ERERTREBRMBOFIEMER, EANLKRY, BERERA
QuickShuttle-enhanced #2 2 pg 1 dsRNA k41 ., X B2 AR R B dsGFP ¥4 .
48 hzZ J&, Fi 2 pM G 20E 80544 FR 1 DMSO AR EE4H A 6 h. 32 HUE RNA i#1T qRT-PCR
ST
2.2.18 BERRILAK PR

plEx-EcRB1-His F1% A8 i fL (pIEx-EcRB 1-T176A-His, plEx-EcRB1-T176A-His,
pIEx-EcRB1-T468A-His) %54 #t4if 72 h. FIGAE 4018 Bid R 1k & A SRAG I 8%
K. BBRAE OB T & ETAY, L, FED BlaE
IR A R RRARE OB NS REE R . BB R AT £ a g NERE
SR
2.2.19 S PR

HARB AR EAENEE, FHE - RAREEIET 80%. HLERTE
SUEA B /R M R AT R RIEF AL 48h JE, F 2 uM 20E 5 DMSO 2# 4
1 h. DMSO {ER%#8. BiJ5FA | ml RIPA RMREFAMES, 12000xg, 4 °CH
£ 10 min, B L. £ LEFIMAEA A HE 4°C Z18ER 1 h ZHRIEFRELES
MIFE. 12000xg, 2 min B-0HUEH . FESEAAR 4 CEEBERTE 24 h.
12000xg, 2 min B 03 L7, F RIPA #ERBETUE 3 K. &EH 30 ul RERE
EYTEE, A 15 pl BEEABEBRAIHF A 10 min, 2)5181d SDS-PAGE ik H A
G EEARI B B A . BTHEK—H 95 GFP, RFP M His B2 5t BEHUIA.
2.2.20 BB FHBILYURE

EcRBI1-RFP #1 EcCRB1-T468A-RFP 7f HaEpi et %i&. 72h /5, A 20E &b
H4I 3 h.DMSO B 34 B . 51 RFP B 5o BE S AR A SRVTIE IS RIL E R 5 EcRE
FHEEE. TS BHEE LKL ChP 28K &R 7163 T. Eid qRT-PCR
RUUTHE 1R M DNA 731 S8R LAUTIEE MM G input 43 HRIR . Input: S&0T
EHTRRER . TREREM Y input B b= GRETIRIRE & — A HATUE MR
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fh)/input x % . B #15] #1~ EcREF1: atattcgaatcgttggeg, EcCRER1: cagtgtaattaagagaca
2.2.21 Y8 R Caspase-3 FEiERH

7£ HaEpi #ifa 4 3Rk APKCS-RFP EH, @il EMmm i st ir e
oifr. KEREFEESE, 1xPBSTE—R. REMEH 2 pM A NucView 488™ $Rit (K]
Caspase-3 FIEYH] 1xPBS ZEIHE 30 min. A 4%HL RHFEEE 10 min. A 1
mg/m] f{] DAPI X 4H izt AT e . RIEHFE 10 min. RIGHESHER LSM 700 3
HHREEBENE.
2.2.22 W KRS EE AT B

B 6 %% 48 h MRS HE Tk L 15 min EEIARE N L. RIFBIE 75%HH
3 min, XHREHTHEHRS. EEKEME T TAEN PBS R #E. il
SR BAE S 300 pl MR FRER 24 FURPEF . & 10%KBFMBENEFES
# (125 pgmD) REERAER (125 pg/mD) HHHLAEER. 27 CHEHIEETR 48 he
Al =AM BT R R — XA, —RAEN B— R AMERE. SMKEER
WETETHE ERT o RIE.
2.2.23 Gt H

A BHAE LT B3 IR ANOVA 7 Z40¥7. t B THASLRA
Z B R R, BRI, BXRE p . *p<0.05 ERBEEER,
*#p<0.01 RKEE . ANOVA FESTHT=EASEAU LM EEHEWN. RFE
FRRAFEREEER.
3 LRER
3.1 PKCs HITLRER P54

BATERB R RF R ER T PKCS &K PKCO &K 5145 p BT
S55bp 1 5 UTR, 44558 bp 9 ORF LA K 632 bp 1 3’ UTR. @IT RA KBRS E
7~ PKC & 5 A PKC & UL HALE HK PKC 8 HIsRGXREIE. MIGREE, i,
AR R R (& 2.1). SMART 8fF a4 Bos A 88 i PKC 8 &7 —4~ C2
Sk, WA ClL &SR — MEN . PKCOERT BRI ABEWA CL S
FIAE AL . BIInR 8B PRCS Ak C. B, IO R . (ER7ESLUA,
FAEU KRR e B —F PKCS. X PKCS |AFIRKHEREGE T — 1M
g5t (& 2.2A). Peptide Cutter BT RER 7 R 25, ME R ER
11 PKCS & — AT §EfY caspase-1 YIFIOL = 7E AW PKCS HAFE— caspase-3 V]
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R K A2 AL 3

B A (B 22B). FERAE P ROBMWE T —MEELES PRFRKYT, LT
1175-1181 EEMR. FUR%E PKCS A7 E L MM PRI aetk. MIBESEfFHILLX
MR, RERNEYHSH PKCS FEARMEHEE, ERNEHESYILHFH
1Y PKC & AL R AEH (RsF (B 2.2C),

7—2_‘|: Bombyx mori DDB G0282963 XF 004827700.1
9 ® H.armigera PKC delta KR047104.1
. Danaus plexippus KGM 16634 EHJ76160.1

4 x
a Papifio xuthus PKC delta KP196062.1

PKC delta

100 Apis florea PKC della XP 003694229.1

Anopheles stephensi PKC cetta AGY48602.1

- v———‘”‘!_—ji: Drosophila melanogaster PKC delta C NP 511171.3
100 Drosophila melanogaster PKC delta E NP 572797.3

Homg sapiens PKC delta NP 297704.1

Drosophila melanogaster PKC AAA28817.1

R6 Tribolium castaneum PKC XP008180826.2
= i‘f Bombyx mori conventional PKC BAE17022.1
Apis fiorea PKC XP_003693236.1 cPKC
96 Homo sapiens PKCy NP 002730.1
71— Homa sapiens PKCa NP 002728 .1

ol Homo sapiens PKCB NP 887700.1

Homo sapiens PKCe NP 005391.1

Toh Bombyx mon calcium-independent PKC XP 004925744 .1 ] X
h PKC epsilon
81 Tribolium castaneum calcium-independent XP 008198402.1 ’

g M—— Apis floreacalcium-independent PKC 1 XP 003696216.1

9 Homo sapfens PKCi NP 002731.4 |

L Homo sapiens PKC{ NP 002735
lomo sapiens { NP002735.3 aPKC

100 = Apis florea PKCiota  XP 003690805.1 ‘

100 L Tribolium castaneum PKCi - XP 008195086.1

B 2.1. RERER LR UK PKCS. A NCBI LIREAFWFR PKC WA EAFS,
F MEGA 5.0 $I{E RGUREMHIT T

Figure 2.1. Identification of H. armigera PKC9 via phylogenetic tree analysis. MEGA 5.0 was
used to conduct phylogenetic tree analysis with the corresponding amino acid sequences of PKC

isoforms obtained from NCBI.
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Cid i i
A H. sapiens PKC5 [O:<>:<>¥ h <> omain O C2 domain
' caspase-1 cleavage site
D. melanogaster PKCS C | [9X@: ! II
‘ caspase-3 cleavage site
A. stephensi PKC3 |:<>:<>___—_D]
catalytic domain
A.florea PKCB dﬁ{}:[b

P.xuthus PKC& [{}:{}::D}
B.mori_DDB G02893 | ! I

@ H.armigera PKC® [

D. melanogaster PKC3 E |

B :
H.sapiens PKC3 T NSGTYSKIWEGSS CN
D.melanogaster PKCS C

D.melanogaster PKC5 E
A.stephensiPKC3

® H.armigera PKC5: =

FEALESS

H.sapiens PKC5® B Oy
D.melanogaster PKCS C*
D.melanogaster PKCSE: g

A.stephensi PKCS

gy

=5
N
@

3

P.xuthus PKCS
B.mori_DDB G028963:
® H.armigera PKCS: |t}

fgs

H.sapiens PKC3

® H.armigera PKCS

Iss
CGTPDYEAFEIGKE X¥ng VLWHWSSEVLEYEML GQSPisGCDEDELFwSIcne p F 563 6L 1Ll 44

. 340 -

H.sapiens PKC5: ¥ BATT xsnxn}j ’s’ﬁsx.ﬁ I3 KFEELLFD : 676
D.melanogaster PKC5 C: R xg 15 o7t
D.melanogaster PKC5 E * e 2 oo

A.stephensi PKC5 * e N AQ 611
A.florea PKC5: -GEEp QT 607
P.xuthus PKC3 : ¥E 834
B.mori_DDB G028963: ¥ 1499
® H.armigera PKCS: ME: Q= 1485

- o :
bp DtqyfD £ ed rl3

B 2.2. PKC3 IS HIRHELL R ARG IRF B L. (A) AT SMART BT ARIBERE R
f PKCs. (B) HI MEGA F1 GENEDOC 354 A E¥nsh i) PKCSIAEALEE KR B
HEMRCAA PKCS [ caspase-3 HMIEEVIAI . REAIERBATEBIMEZEMES. HAK
ERX B ATMEIN caspase-1 IVIEIALAR . AAHERICAHRILE DML 2 PKCIBRR
AL Thri343.

Figure 2.2. Structural characteristics and alignment of PKC8 and its catalytic domain. (A)
The SMART tool was used to analyze the PKC8 domains of humans and various insects included
in the phylogenetic tree shown in Figure 1.1, (B) Alignment of the catalytic domains was
performed with MEGA 5.0 and GENEDOC based the structural analysis described in (A). The
yellow mark indicates the caspase-3 cleavage site in H. sapiens. The sequence highlighted in the
green box is the predicted nuclear localization signal. The blue box denotes the predicted
caspase-1 cleavage sites. The red box indicates the phosphorylation site in H. armigera PKCS at
Thr1343 that was identified in this work.
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3.220E MK ABEREN M PKCo BRE

ATHN PKCS RESERBRRERE, BRINIHNERE BENRENBRMR
B A e A I T PKCS #) mRNA 7KF. qRT-PCR 43 R B PKCS 7EF3%%
HEBAEER, B 6 & 72 NS SIERE] 6 & 120 NSRBI ER, EH EEREBE

(B 2.3A), XERIEHPKC § S 5RHMNEESKE.

ETELRNA| T PKC 6 FERSE H LiRFES, RAIBETRM T 20E X PKCo
RIEHIB M. 16 6 ¥ 6 /NI ERIEST 20E 2 5 AN FRT B S A1987 T PKCS ik
AIEL. FxTEA DMSO AEBAR B, KIR PKCO 7 A i i ep BRER 20E -
V. SRJGF 20E A3 HaEi 4if, FAMIEY] PKCS 7E 20E 435 025h B 6 h Ri&
BEHREE M (B 2.3B). AEWRER 20E 4 B0 /5 K3 20E £ 2 puM 3 5 uM 7]
PLEZE i PKCo HiRiE (B 2.3C). 20E 7] LAFER RS RN AR IX PKCS, BAVE
XA TR R — R BB . N T RIEXAME R, RATA B EM# ] T HaEpi
MRARFPEARMERERRE, REHRMT 20E X PKC . Z5RIFHMS TH
HARE HAFN 20E X PKCS 157, WHEMFEEE—MERERN (B 2.3D).

20E iz 24U RSB RARIE_RA&REAR USPL # 20E #53 WERE Rk
EHREEEH. HT#H—BHA 20E X PKC MFET, TATET RNAL R
{7 EcRB1 f1 USP1 7F HaEpi il hRiL. S5xF M dsGFP #tk, T EcRB1
8¢ USP1 /= 20E X} PKCs 953 4530 ( &1 2.3E #1 F) . % B3 20E i@ 1t EcRB1 #1 USP1
5 PKCo HiRIE .

RTHRW PKCS FEIRRT- AL RE, HATNEEH 6 # 48 h BIREH 6 &
120h MR T BEH TR RAEEASR . BERE RS R NGEE G, |
6% 72 h Bl 6 5 120 h Ky%hd, WM/ EPIEAEK (B 24A). EHRERKKELE
W, @ PKCS TEEUEHA 6 % 48 h M4 Rp I REHE N E, HREESRNE
KERE, #f+ PKCo FRIEZFEM (B 24B). RIEIHAIM 618 48 h gty
B AT A A BEAT IR  AEBS SR EE P N 20E B E A ML/E R I PKCo RIRIA .
ZRERFH 1M 5 pM 20E 2HIEHE, PKCS MFREHIEMNH (B 24C). X
LRI R PKCS IR 20E RIMRE DL BRIA KE UK.
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> [
k= =
rk M) 5070 ¢ o
20 N1 % op s D (o)
Sy — g &P &P
Q 20E ) Q
E «»  [IDMSO ME20E F @ ODMSO [@20E
¢ g, MdsGFP+20E 26 B dsGFP+20E
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5F, 5 BEUEAsh S M, 5 BB RI4h . 6th-6, 6th-24, 6th-48, 6th-72, 6th-96, F1 6th-120
AR B 6 #4hd. POd #1 P2 d ToRRMLERAMLEEF K. F, BUEHE: M, B MM,
AABAEE: P, 8. B)PHE, R (BRY1MES 500 ng 20E) PAK& Habpi MMM

(2 uM 20E ) P PKCMIEFKTFE. SEM DMSO /ERBHX IR, (OFRRIER 20E 4
T2 HaEpi 41/ 3 h J5R R PKCSIIFRIE . DMSO EAMHEXT IR . (D)E A& RINHIFIHRLE &M
X PKCSRIERIE W .. XS DMSO 5% 2 uM 20E 4028 3 h. HARZHBA S0 pM 3K
LB E 30 240, RS 2 uM 20E 48 3 h. (B)R(F)E HaFpi MIFH dsEcRBI 5%
dsUSPI (2 ng/ml %3 48 hy TR EcRBI BY USP1 J5H 20E 2 uM) &3 6 h. dsGFP M
DMSO {ENBAtERXTH . mRNA BN REKEHAR 222THHE K. RELFRFIEL
SD. Al BREAMXBASTRANBSENEER (*p <0.05). FiIER qRT-PCR FHELT=
REPHEETMEREERTERK.
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Figure 2.3. qRT-PCR showing the 20E-regulated expression of PKCé. (A) Expression profiles
of PKCS in tissues during larval development. 5F, fifth instar feeding larvae. 5M, fifth instar
molting larvae 6th-6, 6th-24, 6th-48, 6th-72, 6th-96, and 6th-120 represent 6th instar larvae at the
corresponding hours. PO d and P2 d indicate 0- and 2-day-old pupae. F, feeding; M, molting; MM,
metamorphic molting; P, pupae. (B) The transcript levels of PKCS in the midgut, fat body
(injection of 500 ng of 20E/larva) and HaEpi cells (2 pM 20E). Equal diluted DMSO was used as
a solvent control. (C) Expression of PKCd in HaEpi cells after treated with different concentration
of 20E for 3 h. Equal diluted DMSO was used as a control. (D) Expression of PKCJ when protein
synthesis was inhibited by cycloheximide. The control experimental cells were treated with
DMSO or 2 pM 20E for 3 h. Other cells were incubated with 50 pM cycloheximide for 30 min
then treated with 2 pM 20E for 3 h. (E) and (F) Knockdown of EcRB1 or USP! using dsEcRBI or
dsUSP1 (2 pg/ml for 48 h) in HaEpi cells, followed by treatment with 20E (2 uM) for 6 h. dsGFP
and DMSO were used as negative controls. All the relative mRNA levels were calculated by 2-44CT
and the bars indicate the mean + SD. Significant differences were calkculated using Student’s ¢ test
(*p < 0.05) according to three biological replicates and three technical replicates were performed
for all qRT-PCR.
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LEBEE-FIME SD. Fl ANOVA ST BAELKRMAKEERZR (C)20E M TBH
H1 PKCs ik, F] 20E (1 pM or 5 pM)ARIRGRSME TR HI3BAT 48 h, ZR/GIREX RNA. DMSO fE
R . qRT-PCR 43H7 PKCS i mRNA X RIEKF. RELEFR=HLE (B4 12
R 39+ SD. H t BRI BA SLRANBREEER (*p<0.05). FiFH qRT-PCR
BEEL=RAEDHEEENEAREERSEK.

Figure 2.4. The expression of PKCS was repressed by 20E in wing imaginal disk. (A)
Development of fore wing imaginal disk of H. armigera from 6th-48 h to 6th-120 h larvae. (B)
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Relative mRNA levels of PXCJ in fore wing imaginal disk during larval development. 6th-48 h,
6th-72 h, 6th-96 h, and 6th-120 h represent 6th instar larvae at the corresponding hours. P0 to P8
indicate 0- to 8-day-old pupae. F, feeding; M, molting; MM, metamorphic molting; P, pupa. The
values are the mean + SD based on 10 disks. Significant differences were calculated using
ANOVA and different letters represent significant differences. (C) 20E suppresses PKCS
expression in fore wing disk. The mRNA was extracted after wing disks cultured with 20E (1 uM
or 5 uM) for 48 h. DMSO as a negative control. The relative mRNA of PKC& was analyzed by

gRT-PCR. Bars mean standard errors based on 12 disks. Significant differences were calculated
using Student’s 7 test (*p < 0.05). Three biological replicates and three technical replicates were
performed for the experiments.

3.3 ghRPTIR PKCS il TESKE

AT #— B PKCS SR BN BRI R Thae, A4 ik
5t dsPKCo. FHREHHBRERKEEIH BEARIEFILE, REIFIFT (E 25A).
15T dsPKCo W 8 BOIEE R 1 dsGFP #1125 (E 2.52) LE 5 K I 4F dsRNA 96
h FABEHPERERR, SRANTPHELRERBRATRAE, LR
HIEERL (B 2.5B). #H—HHHSZE ST RETRA PR R HTEM
R RAES . AT ERAMNL R P FRAHENSE (B 2.5C). FEFER,
FERE T AR B X IRA dsGFP Brn HBIE RS, ERETIHE PKCs HishR+,
REW7 4t AT R B S — R A KA M (B 2.5D). FARRIIEEN T RE
MEETHIEEIRIE. qRT-PCR & REP R TIATEER caspase-3 il caspase-6 LAKRAE
HAEHERET Brz-7 £ PKCS THIEW R BRI A PR AE TR (K 2.5E M
F). XEHEKRH PKCS £ R HEALBEM BT ABATHXERNRES 5HH
5 70 i 4 D oA
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KEABSEPHRPEL. F-REHES R 2h 40, FREHE R 6h BB,
TS 1-2pg. FEB - KIES 90h A 120 h Z G MEERAL., dsGFP fERNAMENE. (a) B
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Réih, F2Me BT HE. RELRR=KEREBIE FIEL SD. (B) £ K
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THXZERRRE. REERAR=ZREHRPIETFI9ME: SD. B REMTNRA S ERAN
BEMZERMFp<0.05,**p<0.01).

Figure 2.5 PKCé knockdown via RNAI in larvae restrains larval pupation and tissue PCD
and suppresses apoptotic gene expression. (A) Insect phenotypes after PKCS knockdown via
two injections of dsPKCé or dsGFP (1-2 pg) into the larval hemocoel (the first in Sth-instar 12 h
larvae and the second in 6th instar 6 h larvae). Phenotypes were observed at 90 h and 144 h after
the second injection. (a) Statistics of larval lethality after injection of dsRNA by Student’s 7 test
from three biological repeats. Every thirty larvae were injected with dsRNA in each experiment
and the dead larvae were counted when all of the larvae had become pupae in the dsGFP control.
The values are the mean + SD. (B) Midgut phenotypes observed at 96 h after the second dsPKC8
or dsGFP injection. MG midgut. (C) and (D) Hematoxylin and eosin staining showing the tissue
histology of the midgut at 96 h after the second dsPKCé& or dsGFP injection. Tissues were
collected during the observations indicated in B. LM, larval midgut; IM, imaginal midgut. (E) and

56



WRKZFE A8

(F) Detection of apoptosis-related genes using qRT-PCR in the midgut and fat body tissue after the
second dsPKCé or dsGFP injection for 96h. The values are the mean + SD. Significant differences
were calculated using Student’s ¢ test from three biological repeats (*p <0.05, **p <0.01).
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20E {RREAMAAERK. N6 & 48 h g R 73 H AR AT 1T A SME SR, 208 ShEE 48 ho
RBESRTHRMEBSOKE. 25 1 uM KIKRE 20E f1 5 uM HIKE 20E. DMSO £
HPEXT R . REE 10 MEMMEBRIE TR IRE. (B) N RV ERERTHNRE. B
IRIES dsRNA 80 h 543 B ATEA, MBI AGFP {FAXIR.(C) RIEHFTI PKCS
EEMANKE. EMETNESEOEE. BRI 6 MEKEEETERE. B RBRMTR
HELHAMBEMEZR(*p <0.05). (D) M (E) gRT-PCR #a il B A & b TR EE
ik, KIS 80 h S ET I SR mRNA. RHE 3 RESHETHERE. B+
RISt RASTRAN BEMZER(*p <0.05). FiEK qRT-PCR #iE 2 =k EMiEE
BERMEAREERERK.

Figure 2.6. PKC6 knockdown via RNAI in larvae restrains wing imaginal disk growth and
promotes apoptotic gene expression in wing disk. (A) 20E promotes fore wing disk growth.
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Fore wing imaginal disks were separated and cultured in Grace's medium with 20E for 48 h. The
wing disk length was measured using ocular micrometer. 20E used a lower concentration (1 pM)
and a higher concentration (5 uM). DMSO was used as a solvent control. Each bar represents the
mean of 10 disks. Bars are standard errors. (B) Morphology of fore wing imaginal disk after
injection of dsRNA. The fresh fore wing disks were separated under microscope for observing
after two injection of dsRNA for 80 hours. dsGFP as a control experiment. (C) The length of wing
imaginal disk after PKCd knockdown. The length of fore wing disks were measured using ocular
micrometer after the disks were separated. Each bar represents the mean of 6 disks. Significant
differences were calculated using Student’s ¢ test (*p < 0.05). (D) and (E) Detection of
apoptosis-related genes using qRT-PCR in the wing disk and midgut after the second dsPKCé or
dsGFP injection for 80 hours. The wing disk and midgut were separated from the same individual.
The values are the mean + SD. Significant differences were calculated using Student’s ¢ test (*p <
0.05). Three biological replicates and three technical replicates were performed for the qRT-PCR.

3.4 M3RIE PKC fEALE MRS R T
WATHI R T 54 PKCS LIk (APKCS) LA RFP HEEFFIF His S R4
JFiRL( plEx-4-APKCS-RFP-His )« ¥ HaEpi 41 il o i@ i #% J4iZ i R A T 2L R 1E APKCS
SR 5% S MR EE A T T Th A%, Western blot 45 R E7R APKCS-RFP-His 7E
DMSO M 20E B A TFTEHMAMNG FE. AR LVEABRBLHEE
APKCS-RFP-His 7+ F & F %, 8 APKCS-RFP-His LABEERILAY A AFAE (B 2.7A).
RIEAZE PKCS CERIMBERLL A, HAVEM L B PKCS P L2 BB MR I
LEFBRA BB RAE (Ser1195 Al Thr1343 43 7%f B AZE Ser369 Fl Thr507). S1195
A T1343 35 RNER BHAEPDN RERKAL (S1195A M T1343A). 4K+ 5
Btk APKCS () B4 R 15845 Y, western blot 45 B 7R T1343A HELA TR T
W, 8 APKCS [ BRI AL AR Thr1343 (B 2.7B). BHi%5 FWE APKCS KIENL
WL, RILEFE BRI T1343A RARZIER: 2 A ik, BRRE APKCS B4R
B EWIN caspase-3 HIE M, RABMBEA (B 2.7C fc). phob, HidRIE APKCS
JEET AR, RN 20E FIEER (HR3, EcRBI, USPI, Brz-7) FAT-HI<ERE
(caspase-1, caspase-3) % FHFRIE, MAETRE T1343A B 400 ixXF
M) (B 2.7D), XebsEFALFERH PKCS R 40H8 T2 it F PKCs MABRE
LR AL BB BE R AL
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Figure 2.7. Overexpression of the PKCS catalytic domain in HaEpi cells induces apoptosis
and 20E-responsive gene expression. (A) Western blot analysis detecting the phosphorylation of
APKC3-RFP-His using APPase degradation. APKC8-RFP-His was overexpressed in HaEpi cells
for 48 h, and the cells were then treated with 20E (2 pM) for 30 min. DMSO was used as the
solvent control, and a 7.5% gel concentration was used for SDS-PAGE. A mouse monoclonal
antibody against RFP was employed for western blot analysis. B-actin was used as the protein
quantity control. (B) Identification of the phosphorylation site in APKC3 through overexpression
of APKCS-RFP-His, APKC8S1195A-RFP-His or APKC5T1343A-RFP-His in HaEpi cells, which
were then treated with 20E (2 uM) for 30 min. DMSO was used as the solvent control. Western
blot analysis was performed as described A. (C) Detection of the activity of caspase-3 in RFP-,
APKCS-RFP- or APKCG8T1343A-RFP-overexpressing cells for 48 h after transfection. Red
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fluorescence indicates RFP, APKC3-RFP or APKC8T1343A-RFP. Green fluorescence indicates
activity of caspase-3 using Nuc View™ 488 caspsae-3 assay kit. The blue signals indicate the cell
nuclei stained by DAPI (4',6-diamidino-2-phenylindole). The bars denote 20 pm at 40 x
magnification. (¢) Statistical analysis of the data in C by Student’s ¢ test from three biological
repeats (*p < 0.05; **p < 0.01). The values are the mean = SD. (D) Relative mRNA levels of
20E- and apoptosis-related genes determined via qRT-PCR. Analysis of significance differences
was performed with Student’s 7 test from three biological repeats and three technical replicates (*p
<0.05; **p <0.01). The values are the mean + SD.

3.5PKCS B4k EcRBI

B HF A PKCS Xf 20E HI4% 324k EcRB1 M'E i3I8 — R4&HE A USP1 MWK
PRITPKCS (240 B - i 737 B - SEI6 A IR AE 4R A i3 R ik APKCS I~ fE 5] &2 USPI1
HIBRERIL, REEREFEPIA 20E 7 HEPE 7 USP1 MIBERR L. X R4+ A9 DMSO
W HZ AW . 80 TR C&IE R 20E ¥ 5 USP1 19 S21 S RABERIL. A
F USP1-S21A B R AR N AEBEBR ALY USP1 FIBATEXT IR (18 2.8A). X EK
% 20E 53 USP1 RIBEER b 5 PKC3 Y21k I R KRB AR T E AN i =15 APKCS
TI&A I 20E 9%, EcRBI thBLBERRAL 4 . S 20E b3 4 5]3E EcRB1
BRI . [FIRYIE3RIE APKCS BA K Al 20E ALEEfE EcRB1 M@ RR{LIE 58 (& 2.8B).
FAHL RFP (3 R ARBT S 3 i e e, #—BiEEAR R 20E &4 T,
HRIKH APKCS Hid RiAH EcRB1 HHEEM (& 2.8C). HIERY PKCS HiEkLE
EcRB1 tHEfEM# S EcRB1 HIBERAL . A7 #\ PKCS ¥ 3 1Y EcCRB1 HIBHR 4L,
HATEM fabF 45 PKCS KA. K PKCS FIABFKZEHEMH T 20E S
THIEcRB1 FB R4k, M A BEREE b 5 EEMES 2 FE TR (B 2.8D).
X RILEHHIN T PKCS 257 20E %53/ EcRB1 KB L.
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BT LA > BIAS U AR R RIE B 7. SDS-PAGE IRIREAN 7.5%. B-actin HEITEE.
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APKCS-RFP 55 EcRB1 B§ER{t . ¥4 EcRBI-His 1 APKCS-RFP 3 RFP 48h J&, F 20E
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APKC3-RFP-His 5 EcRBL-His f)45 & . 3£ 55 % APKCS-RFP-His #1 EcCRBI1-His 48 h &, i 2 uM
20E EZ 2 DMSO 43 HaFpi 4IA 30 min. 7EX{HR4ZH A EcRBI-His, APKCS-RFP-His,
RFP-His #0 B-actin {27k R B 5 % EMEA . SDS-PAGE IR EE N 7.5% o 7E Co-IP
#+#, APKCS-RFP-His F§ RFP Hi{A#EAT S UTiE, H His BBHiHa il EcRBI-His. BRI 1gG &
FERF PR E Bt R . FB7E HaEpi 20 RIE His #75H0 RFP-His {ERFREX R
- ARAAESE SRR B A —#.(D)F RNAI 1 PKCS fRIXHIH] T EcRBI
IR AL . 55 4 pIEx-EcRBL-His #E40A 48 h J&, BKHE 4L dsPKCS 3K, dsGFP (2 pg/ml) 24 h,
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Figure 2.8. APKC3 regulates the phosphorylation of EcRB1. (A) Overexpression of
APKC3-RFP-His has no effect on the phosphorylation of USP1 by Western blot analysis. After
co-fransfection with USPI1-His, USP1-S21A-His (phosphorylation site mutation) and
APKCG6-RFP-His or RFP-His for 48 h, the cells were treated with 20E (2 pM) for 30 min. DMSO
was used as a negative control. Anti-His and anti-RFP mAbs were employed for detection of the
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corresponding proteins following 7.5% SDS-PAGE. B-actin was used as a loading control.
Statistical analyses of the density western blotting bands were performed with Quantity One
software, based on three independent biological experiments. The values are the mean + SD from
three independent experiments (*p <0.05). (B) Overexpression of APKC3-RFP induced EcRBI
phosphorylation. After co-transfection with EcCRB1-His and APKC3-RFP or RFP for 48 h, the cells
were treated with 20E (2 pM) for 30 min. DMSO was used as a negative control. Western blot
analysis was performed as described in A. (C) APKC3-RFP-His combined with EcRB1-His with
or without 20E induction. HaEpi cells were treated with 2 pM 20E or an equivalent amount of
DMSO for 30 min after co-transfection with APKC3-RFP-His and EcRBI-His for 48 h. The
protein expression levels of EcRB1-His, APKC3-RFP-His, RFP-His and B-actin in HaEpi cells
were detected via western blot following 7.5% SDS-PAGE. For Co-IP analysis, APKC§-RFP-His
was immunoprecipitated with a mAb against RFP, and the co-precipitated EcRB1-His was
detected via western blot analysis using an anti-His mAb. Mouse lgG was used as negative control
of the antibody. His tag and RFP-His were overexpressed in HaEpi cells using the plEx-4-His and
plEx-4-RFP-His plasmids as tag controls. The cells were treated and proteins were detected using
the same methods described in B. The pictures represent three repeats. (D) PKCS knockdown via
RNAI repressed EcRBI1 phosphorylation. HaEpi cells were transfected with plEx-EcRBI-His for
48 h, then incubated with dsPKS or dsGFP (2 pg/ml) for 24 h, and induced with 2 pM 20E or an
equivalent amount of DMSO for 0.5 h. APPase treatment of the proteins was performed for 0.5 h,
and EcRBI and B-actin were detected via western blot analysis following 7.5% SDS-PAGE.
Statistical analyses of the density of western blot bands were performed by Quantity One software
based on three independent biological experiments. The values are the mean + SD from three
independent experiments, and statistical analyses were performed using Student’s 7 test (*p <0.05).

3.6 EcRB1 ()RR E T EcRBI/USP1 RIR -~ REARNRB R U REHNEFRRE

T EIRNIHE AL 208 55 10 EcRB1 BEER4L I ThEE, B FEHE EcRB1 K
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T T468A KA1 FIBHR /KT BB IR & (B 2.9A) . K B T468 W BE /& 20E 5 F EcRB1
RAEBBUKA A, AR —SHANZMSEETE EcRBI MBRLAIA, BIH
western blot 24T 7 EcRB1-His 1 EcRB 1-T468A-His [ B#{t.. EcRB 1-His 7 20E 13
BRI FEET, T T468A-His WEH (B 2.9B). FHik, HAFHERE
20E %53 T EcRB1 /) Thr468 {4 BEBR{L

N7 EcRB1 BHER{L7E 20E PR EEN:, RABET ChP LRt il
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T ¥4 % EcRB 1 FBFRRILAL AR X! T468A 55 EcRE 1454 . 7E 20E ¥ 55, EcRB1
bLZe A5 B T468A B £ 45 & EcRE DNA KB (B 2.9C). %5 EcRB1 FIBER L3S
5 EcRB1 5 EcRE WA GIEHEE. s, A Co-IP LLWAM T EcRB1 BEEE 1bxF
EcRBl 5 USP1 HEEMRE WM. &I 20E 8T EcRB1 5§ USPl HI4& .,
EcRB1-T468A REMEAEE S USP1 44 (B 2.9D). LI 4R K EcRB1 KBERAL
%t EcRB1/USP1 ¥ E 4K EMEIR <8 . ¥ X H 5155 DNA L EcRE 4&&
B R EEE F. AN T EcRBI B 1Lx HR3 HR AN . 20E & LR
dFRi& EcRBI M 4ifet HR3 §I3R1L, T AEEF|# EcRB1-T468A K14/ #Y HR3
FixZA (B 2.98) K 20E F FMEERILFHFFE EcRBl MBfR L. a4
RILFIFRW T 20E (5 5&4% F, EcRBI 7£ Thr468 L FIBEER LT T EcRB1-USP1
HRE AN RIS S TE EcRE Bl T ff HERAM T RELFH.

A B @ c CJEcRB1-RFP+DMSO
3G 50.6r — «  EZECRBI-RFP+20E
2515 =0.4 r l 3  [C=IEcRBIT468A-RFP+DMSO
o5 @ l £ % mmM ECRB1T468A-RFP+20E
O 4= % 0.2 o 40
£61. . 240
n2 T ® *
323 = 2
5§80 EcRB1 His + + - - =
£5 EcRB1-T468A-His - - + + 2
FE 0 DMSO + - + - &
Sx 20E - + - + b=
e 7 . l-pEcRB1-His @
& Anti-Hisjie o= b = e RR1-HIs E =5
Anti-B-actin —— Ww:‘J 42 kDa G anti-RFP
c primer ECRE primer HR3
D i
USP1-GFP-His + + + + + O+ o+ o+ E
ECRB1-RFP-His + + - - + + - - _
ECRB1-T468A-RFP-His - - + + - - + + = RFP-His +DMSO
DMSO + - + - + -+ - === RFP-His +20E
20 - 4 -+ - o+ -4 @& EcRB1-RFP-His +DMSO
) e | e . «» e== ECRB1-RFP-His +20E
. Ant-GFPE e | 85kDa @ = ECRB1-T468A-RFP-His +DMSO
3 s ST e e oy | &z - -l i i
3 antiRFPl . EcRBiRFPHIS @ Efi81 T468A-RFP-His +20E
= o -] 96kDa < 800 —
Anti-B-actin iy e e v ——— _‘,f 42 kDa £ 30
anti-GFP 1gG E 20
o Anti-GFP == el kD s 10
o 3 =
o Anti-RFP | it o

Figure 2.9. EcRB1 KB R4k {EHE EcRB1 R USP1 22 [A] {4 H 4 B &% HaEpi 41 frh G2
FiE. (A) BiIHEREER EcRBI-His SH RAMA(T176A, T468A, and S510A) [ BERLEEEE
JREU RE EcRBI H (M8 EBRAL AL 25 - EcRBI-His 8 [ 4L S 5B FE A P ik R I 48 /M,
SRJGH 20E BB 1) DMSO 4b3.(B) 7E A Bk &4 T &R AR EPZES Hr8iA EcRBI F /)
BERR L AL S & Thrd68. PB-actin fE N FFEXTIR . FH Quantity One B{4-H#E1T S & BN 4 55
B4t 24 . (C) BiTHi RFP LIEFI qQRT-PCR 43 EcRBI-RFP-His Fil EcCRB1-T468A-RFP-His
5 HR3 B3l T X%+ # EcRE &&685 /. 20E (2 uM) 8K DMSO A LM 3 h. 1gG:
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EFERE 1gG. 5149 EcRE: ¥ 3 EcRE JFFIKI51 4. 514 HR3: $E/FFI7E HR3 ORF [X. (D)
7£ 20E %S F, EcRBI T468 HIBRIL{Ti# T EcRB1 5 USP1 WA E/EM . A 2 yuM 20E ¢
DMSO 43 3 /NI JE , INEE S A4 A R 4R BUE B . Input /R B RIA Y USP1-GFP-His,
EcRBI-RFP-His 1 EcCRB1-T468A-RFP-His EHII7K¥. B-actin {E N LAEXTIR, FFilidfpk
ERiZ oy i B F1 R - SDS-PAGE BIREEH 7.5%. JEFER /MR 1gG RN R, (B) #£
20E #5 FLt# RFP-His, EcRBI-RFP-His 1 ECRBI-T468 A-RFP-His-id A4+ ] HR3
FkAKF. B 20E (2 pM) 4 ¥ pIEx-4-RFP-His , plEx-4-EcRBI1-RFP-His #l
pIEx-4-EcRBI1-T468A-RFP-His H#M4HM 6 h. MAZSEMFEREN DMSO /EAXHR. gt
SHHTRA t 156 *p<0.05, ***p<0.001, IRZEFRAFHE £SD. Xt A-E BT T ZIR4EMHF
BREN=RAEE.

Figure 2.9, Phosphorylation of EcCRB1 promotes an interaction between EcRB1 and USP1 as
well as gene expression in HaEpi cells. (A) Identification of the phosphorylation site in EcRB1
by determining the number of moles of phosphorus per mole of EcRBI1-His or its mutants (T176A,
T468A, and S510A) overexpressed in cells. EcRBI-His and site mutants of the protein were
overexpressed in cells for 48 h, followed by treatment with 20E or an equivalent amount of
DMSO. (B) Western blot analysis confirmed that the site of phosphorylation in EcRBl was
Thr468, under the conditions described in A. B-actin was used as a Joading control. Statistical
analyses of the density of western blotting bands were performed with Quantity One software. (C)
ChIP analyses of the EcRE-binding abilities of ECRBI1-RFP-His and EcRB1-T468A-RFP-His in
the HR3 promoter region via anti-RFP precipitation and gRT-PCR analysis. 20E (2 uM) or DMSO
treated the transfected cells for 3 h. Results are presented as percentage of enrichment relative to
input. Input: sample before immunoprecipitation). Enrichment relative to input = (sample
precipitated by antibody - sample without antibody)/input x %. lgG: non-specific mouse IgG
Primer EcRE: primer targeted to EcRE. Primer HR3: primer targeted to HR3 open reading frame.
(D) Phosphorylation of EcRB1 T468 promoted the interaction of EcRB1 with USP1 under 20E
mduction. The proteins were extracted from transfected cells after treatment with 2 uM 20E or
DMSO for 3 h. The input showed the levels of the USP1-GFP-His, EcRB1-RFP-His, and
EcRBI1-T468 A-RFP-His proteins expressed in the cells. B-actin was used as a loading control, and
the proteins were detected via western blot analysis following SDS-PAGE using gels with a
concentration of 7.5%. Non-specific mouse [gG as a negative control. (E) Comparison of HR3
expression levels in RFP-His, EcRBI-RFP-His and EcRBI-T468A-RFP-His-overexpressing cells
under 20E induction. pIEx-4-RFP-His, plEx-4-EcRB1-RFP-His and
plEx-4-EcRB1-T468A-RFP-His plasmid-transfected cells were treated with 20E (2 uM) for 6 h.
An equivalent amount of diluted DMSO was added as a control. Statistical analyses were
performed using Student’s £ test: *p<0.05, ***p<0.001, and the values are the mean + SD. Three
biological replicates and three technical replicates were performed for A-E.

4 $Hig

W ALE Y+ PKCS 7E2 AR E T30 72 2 B4 B (Reyland, 2007; Zhao et al,
2012), WifEE SR EBEE 20E G248 Iy = (Tian et al, 2012); (Iga et al,
2010). {HA2 PKCS &5 £ 20E #IHMME TR NS E. A FRAER
T 20E LiARE—FFHI PKCS. 1XF PKCS RiAZ Gt K £ AR5 5 208
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FHIFRHMEAE T . PKCS @it {# EcRB1 7E 468 {7 A& MR ikEE b R AR Bk AR (E
EcRBI/USP1 #FEAHIITEM, BRARBATERGRA(UEHmBFT.
4.1 1344 HFF R PKCs BIIS1E

TRYE PKCs IS MIFFAECL BB 73, AR18 R =F2R 8 . 541 PKCs, B
cPKCs, 3% «, B, PIL, y AL, #& PKCs, Bl nPKCs, e 0,5, n WA, FEiufd
PKCs, B aPKCs, % 1, (A WAL (Steinberg, 2008). FTH # PKC WAIZE N K im#
BB X AR R PKCs WIEEERZER. £ C RKinda —MEEE,
BT VRS, FSRBEBLIEY, 171¥ PKCs IhRE. BT aPKCs Z 4F, FiH PKCs
£ N m#BE N C1 45 DAG R ER 4 & . f RA A PKCs B & —
A C2 #ilik, LS Ca?t RIEThRE (Webb etal., 2000).

AR, AR T —F PKCs MIThEE . X PKCS 5 R4 i1 PKCS-E AHTL,
T4 4 PKCS-E. HIT7E PKC3 LR E A C1 A C2 454335, PKC3-E AHE L A
#i Ca¥ 8 DAG. il Rk H W4 MG & A0AE 40 Mk 3F H 2B k.
FEAREM 20E &4 TR ERATIIg. Eit, PKCS-E K&K FH_EFLE
RIEAT- P RERIBAREM—P. BRIE PKCS P HRMEIT caspase-1 I YIEINL A,
B HT > PKCS MPIAELEXN T . H— BT PKCs &K KK, &
SERH SIS FRIE LB . HRSERH R I7E HaBpi M fH it 2 7% PKCs 1L
B3 caspase-1 MIFRIL. Wi BEMBRIMMMF 208 EBHES caspase-] HIKE
(Yang et al,, 2008), TH/R# caspase-1 A BE 7R & 5% PKCS.

4.2 20E it B PKCo ik BT Rt v

FERR A KB ] PKCS MRAEF &, M EMN B4 AL R4
FRYEpEZe T, T ELBE B B R 208 WA E I FHE (Riddiford et al., 2003).
XL PKCS MRS —B. 2HRFEFE S/ EcRBI/USP1, 20E 7E41 AR
S HaEpi 41/ = i PKCS FIRix. HILTLLEH 20E &5 /8 PKCS Rk LA
BEF. XBEHERS 20E EEREN S IARM TG -3 (Wang et al,
2016b).

EZRWHA PSS —RLRR/FAREOMBEE S RS LR ERE
iR T (Liuetal, 2013) RN NIE/R T PKCS &5 7 20E 5S4 BIAT .
ERB BB RIS AP PKCS FIThEEMH—B (DeVries et al, 2002;
Leverrier et al., 2002; Zhao et al., 2009) .7E A\ #1, PKCS 2 —F S iEfM #IHF (Reyland,
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2007). RERZHRCLIUEN PKCS REBNSMMBAT, BERNMOMAIERT
PKCS 7£ B -p ] LI{R4H I T

WATIERA T Thr1343 KBRS T #%2 dh PKCS MR TRt 20 F R .
IS AT IER, Thr1343 FRENEHER DB TF M2 & ERTN, FEEA
Kt PKCS AT LA#EBEBR 1 (Konishiet al, 2001; Parekh et al., 2000). ZEBRAIIBFR
FRHL, —H PKCS MM MIRE AR K ER B, FIHRARE PKCS ZH
BEERALI . SR, X MERFEERROLAEPHE—F A,

WL R, BRI KA EE 208 KRB (Nijhout et al., 2007).
BEAMEZR Feh A B 208 W] LA 2 AT 40 R A8 5H (Moriyama etal., 2016). FERAIH
o, EEREEN B BB NEK S PKCS WRIARE A%, RTHER
2R PKCS Rik/E, R HMNHTELNEE . E2BMHETEREY
Rk 5 I M RIETHE R . PKCS T fg st F 8RR R B B4 X4EA. 20E £R
dodral PURIN 2 R RH UK B R T RIS EE, A ReRINL R R EE T AL AEE TH
LU AR I B R R 208 7 G AR A @A 18 b M T A A Mk,
BARBHLEER Rt — B AR
4.3 PKCS B4k EcRB1 R {EED 3%

EcRBI1 #1 USP1 1 % 2 88 SR M AL 5 & —Fh R IS R B . #%2
Y S A SERE SR R RN A, 2B SRR RS, flins OB B
1. 20E i PKC /5 USP MBI E AR E S 2EH (Songetal., 2003). i
FEMHF R (Song and Gilbert, 1998), # A i (Nicolaietal, 2000)fIF 4 Ht (Liuet
al., 2014b)% Bttt i DL BV J5 B0 SRR B SRR MM . SRT PKC 26894
BAEBYE T JIMZZ R BR fE N —FM BRI B S FFET K E (Sakahira et
al., 1998), R4 H (Sun et al, 2007)FIRER HL P (Ren et al, 2014). {HZ XL
AR ZIUE T EcR MBEMRA, HWE £ e WBHR ALALR WU R R Bk
BRALIO PKC K% . AR ESR PRATEIITFIL PKCS 4k e UL B BErE
EcRBI1 ¥ T468 Fk&E bR BERR L, TR USP1 MIBEMR1L. EcRBI MIBERR L3S
5 EcRBI/USP1 R& WL, HRETYH BcRE M54 KB G 5 &M ERE xR
DTN XERNBWRT 20E FF HEF RIEHLH

T RIEH] PKCS i IRFA1E T 40 futZ . B PSORT M3, L4 KM PKCS Hil
MEIRRE R ERES, M 716aa B 723aa FIM 1175aa B 1181aa. [HHRATHENT
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EcRBI BRI R AEAEMBZ T .

ZHIMBT AR USP1 MIBERILAE S EcRB1 WEAPIEFHEE(Liu et al,
2014b) 4t USP1 B Z Bedk Rl e s2m B 5 EcRB1 FIAMHE/EA (Jinget aL,2016)°A20E
BT CDKI10 KBS FERE{E# T EcRBI/USP1 H#RE 4K (Liu et al,
2014a). FATIX I TAE £ SLBT FOAERY_E B3 —2P R 3L 20E B2 %% EcRB1 I BERRAL .
F#£%T EcCRB1/USP1 HEHIEREREE . X5t ik T# EcRB1I/USPI
HEREAREREREY, HREREER—FIEE BENERNE.

Y

206 % 2 BURIBT FCUE B9 20E 3853 ErGPCR-1 f1 ErGPCR-2, Gaq, PLC, Ca*'PA
K CaMKII 5 5% USP1 RAEBRILMZBEALP-USP1-Ac), BETIAIE USP1 5
EcRB1 454, 1R{EE ¥ F (Jinget al, 2015; Liu et al., 2014b). AT,
Bk — HWR T 20E i@id EcRB1 #1 USP1 $uis i PKCS. iTRIAH PKCS Efir
FHME hIF R £ AR ML E 25 EcRB1 7E 468 ME AR E LR BRI, B
ER{LHI EcRB1 5 P-USP1-Ac # HAE Al JE B R B & R 4 T i R R A 4 i
T, EX —ER AT HLE, 20E £ PRKCS RETSH KSR PEE LT .

20E

(1)1

P-USPI1-Ac

Apoptosis, metamorphosis

& 2.10. 20E ¥ PKC3 XA R EcRB1 BRMLIIHLHIREE. (1) 20E ifiid ErGPCR-1
ErGPCR-2, Gaq, PLC, Ca** A K& CaMKIl &5 S USP1 RABBRA ZBEL(P-USP1-Ac)
BEM AR USP1 5 EcRB1 & & RFEEHEF (ing et al, 2015; Liu et al, 2014b). (2) 20E i@l

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://w4%w.cnki.net
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it EcRB1 #1 USP1 tRi# L] PKCS. ik ny PKCS Ehr T H i R4: BB BRI EIRA
% EcRBI 7E T468A MR BERMBA K EBMRIL. (3) BEERILK EcRB1 5 P-USP1-Ac #HEAE
RITE PR A R T R R A4 AT . #d X —ERBE LS, 20E £i5
PKCS {R{ERAN AN B Rk £,

Figure 2.10. A Schematic representation of the mechanism by which 20E regulates PKCS
expression and EcRB1 phosphorylation. (1) 20E via ErGPCR! and ErGPCR2, Gog, PLC,
calcium ion and CaMKII signaling triggers USP1 phosphorylation and acetylation to modulate
formation of EcRBI/USP1 transcription complex to bind on EcRE for 20E pathway gene
transcription based on our previous studies (Jing et al., 2016; Liu et al., 2014b). (2) 20E rapidly
upregulates PKC6 expression via EcCRB1 and USP1. The overexpressed-PKCo catalytic domain
was autophosphorylated and localized to the nucleus to phosphorylate EcRBI at T468. (3) The
phosphorylated-EcRB1 interacts with P-USP1-Ac to form the EcRBI/USPI1 transcriptional
complex to promote apoptotic gene expression and apoptosis. Through this positive feedback
mechanism, 20E promotes apoptosis during insect metamorphosis.
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B NEMLE Ca B2 STIM &5 8B i 20E 2815

F Ca?' A1 {5 48 BB =

1515

STIMI1 & —FpfZ7E S5 AR I B E A0 Ca2 5238, N URZENRME T, C sS4l
M (Liouetal, 2005; Roos et al., 2005). A STIMI1 444 N K¥gH EF hand
BB SAM it XWAEHBAEARMES, 2ERE&—RERF,
STIM1-Orai-#i& X% (SOAR), —MELERMHRARERXM—1 C Rk 2
PEEER X1, (Nogueira etal., 2012). 7E A JFi ME5 i1 Ca? HEZS 5 EF hand 584380
EEEE RBE Ca?t, 5IE STIM1 ZEAMEZ el STIM1 BREMKEFE T SOCE
R4 (Luiketal, 2008). STIM1 A% SE44 A P J5 1 BT 7% 30 A S -2 IR 45 & X 488
GiE R I PIP, (Liou et al, 2007). FA-F7F P45 -5 58 445 & X 3 1 I I 55 R A
A ER B AR R, RESE I STIML 7] DIEM AL S SOC @ 1E Orail HEME1EA
(Yuan et al., 2009). Orail & — B T4 i Ca> @il , 5 STIMI AH ALIER R
BATM A Ca (R HESSHE T 5 IEHEARY SOCE, R Ca? 5 140 MR HE \ 40 J
(Penna et al., 2008). 718 (Houetal,2012b) L& A2 (Balasuriya etal, 2014)
RIVTEWH Orail @EHECLNRIEREM EMME L, STIM1 DHERRANREERS
Orail M E1EH .

SOCE # & A= AU T STIM1 #9321 B 1€ A7 A8 4k B HOm T8 8K &
RIBERR A A AE HEK293 40 /1 7, STIM1 #£ ERK 1/2 I AL 5 Ser575, Ser608 il Ser621
KA L{RAE SOCE MUK (Pozo-Guisado et al., 2013). M4 A4S STIM 1 7E
Ser486 F1 S er668 HIEM IR KB, M Mh T 227 Fd v SOCE 19 &4
(Terry et al,, 2017); FIFEAE A R4+ STIM1 £ CaMKKB-AMPKal-p38B 155 &%
FH SRS L HET 5% 7 SOCE (Sundivakkametal, 2013). F i, STIMI KIBER L5
AR SOCE HEVIx. WFLsh¥4n farhxt SOCE MR AEx R %, MAER R 4,
STIMIL I RIL, BRI R BREERT Ca¥ WU B2mA LA BORFE LG i AT 2 . M1 250t
TR B R K 208 7EAEASHT #1iEIE SOCE {RAE /A Ca? 3, LA oA
e 7R B U SOCE 94> FHLA .
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MR NGIRE, RIES BTER 24K EcR LA ARIE (Thompson, 1995). iXFf
HRARB G AR KEABFROTEEMTR. BFERNFIARY GPCR 25
BEBERNESTHSER. MR, MEE LK ErGPCR-1 M1 ErGPCR-1 25
20E 5 M CaZ Wi M FEEFIX (Cai et al, 2014a) (Wang et al, 2015). @it
ErGPCR-1, 20E %% CDK10 LA X USP1 K BRI EEE %K (Liuetal, 2014a;
Liu et al, 2014b). # —FHHF FIEBILE 20E % F, PKCS %S EcRBI1 BEER{L (2 f¥
EcRB1/USP1 B4 MR (Chen et al, 2017). FEXE S, 20E G MMA Ca?
WEARMF PCD {984 (Manaboon et al., 2009) . 2 B (1525 i BA 7 #R 4% LA 20E
e SRt JTH BE/K-FRIMA Ca?kE (Wang et al, 2016b). KT A Ca2ik
ERFE, 208 35 SAM M E W AT HEZE (Lietal, 2016). Ca? i THIRES
WO B8 11 (CaMKID REHEFEHEF (Jingetal, 2015). HITHTIERY] 20E
WTEAEES Ca? il Orail B3 540 M5 (2 40 FA T2 HUR 4 20E #@iL Orail 5[
SOCE (Liet al, 2017). #R1, STIM!{EXN SOCE M5 —A R, H£RERTHIER
B AR R DR HLE A B — P AT
FEIX T Fo b, BT BUBSRR LA STIMT 76 A2 A (bt it A2 e 78 4 a4 4™

7Rk, Wi 20E B STIMI R EAMIZ L3 I3 & ErGPCR-1 1 ErGPCR-2 [
A4S, W HAZ 24 EcRB1 R H 7 — %4k USPI 14 . b4, 20E #e85 {2 EcRB1
45618 STIMIL & 37 L/ EcRE b, WS STIMI 3 . STIML X F4i R d g
RIPEREAD 20E W EEREZLFEKR . STIMI £ RBAT 29 e M7E4) i
. @it GPCR, PLC, IP3R #1 PKC, 20E 55 STIMI fIBER 1L, {24 STIMI1 Y
REITHE ER-PM LA 4. STIML BB X T STIMI BUi& SOCE &4 F .

X LE R R I 20E J@id ErGPCRs ¥i% STIM1 LU{Z 3t SOCE, SliR40M iy Ca¥ &
B4, BN Cat 248 PKC VB STIMI MRS AL, HETT S STIMI MRS RBHL,
# % SOCE k4. 1M Cax* it EcRB1 5 EcRE 458 RiTkIEE STIMI ik
B, DK 20E NAREEAFE AR RERE N R, BREARERTHESHRAE.
2 PERLRIT ¥
2.1 SR
2.1.1 2R3

LIRS SO AL, BE R, #HEErR T iz RE%.

2.1.2 LI 4R
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W HRRFEF L FAR

% — .
2.1.3 LR

R FIE Hidk PET-30a-His (Promga, i, EE), Ca?*#5/<7 acetoxymethyl

(AM) ester calcium crimson™ dye (Invitrogen, £/R¥TEE, £EH), FEH marker
(26616, ZRER KR, T FEET, 2E), LEHTHARK I -H ALEX488 (inveitrogen,

F/REFEAE, XE), T4 DNA %E#HE (NEB, £E), ZREER (WGA), HE
W5 E - FEMA.
2.1.4 LR AH

RIS 2L
2.2 KWL
2.2.1 HRERNMMF RNA FIFRE

A 55 — B ik
2.2.2 $5—& DNA &%

[l 3 —F Ik
2.2.3 HLA MR AR

[ 58 5 ik
2.2.4 ZH TR

#£ NCBI L3k BIR® A STIMI 751, @ 5 1888 B S PR AT toxd 4 A 3
T MECUOEER . BT a2 5, RATRYE S MA0 N KA C Kigfrs) st
5 %  STIMIF :  ATGCGTATCGGTTTCGTGITA #  STIMIR
CTTATCCCCTCCTAATATAAAGTGG. ifiif PCR MA 4% i flp§ #E] STIML
KT, REHFRAE. 53] STIMI H1)731/5 81 ExPASy TR STIM] ORF
FF3l. SMART 54418 AR K54 18. F MEGA 5.0 fil GENEDOC #4172
H R 7 31 Ee X R il
2.2.5 £ 2 & PCR

Cil kv ip7
2.2.6 BH S EHL

2B BTk
2.2.7 fIR AR AERX

RI5E & )7k
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UFRKFE AL

2.2.8 HEAEBHRSE S

EF LW ITEERM b, REGESFRhBEAES, #TEARSRKNES
P
2.2.9 MR AL B

RS & 75
2.2.10 HE 3£

FIZE &7
2.2.11 H R E 4 R

PASE—%E cDNA AR, IRE B IHEF 519 EE PCR Y REF B, ¥ 8w
FBRE BRI A USRS YD . U0 3R1G B R MR (ORI B, PR IR PR R 1 P 1)
R U IR 1% 3235 Bk PET30a-His B0 303K UKL plEx-4-His 8L A 3 6hr B Hid #ik
kL. YHEA feR SRR 2 A 9 BEUIAL s KR 1 O D BERE V) R AL [ERR A
ISR EI LR AL Bk DNA FrBt. HEEEVIEI DNA R BRI S IZEE/REE 3: 1 (LG
BEA, MM T4 DNA EHR 10 °C IR &EHE. F DHSa B2 MM iR . i
TR JEEL PCR IHHE , Be Rk A& . FERIZ 5N LB 3374 37 C R LK.
ERREURRL, ZBUIRIE. FJEETHFRIE.
2.2.12 dsRNA F1& R

G =378
2.2.113 H & RNA T3

Cil et w7
2.2.14 4ifi & RNA TR

I 7S
2.2.15 BERRALK PR

[F] 58 — Bk
2.2.16 R FRBEILYIH

[R5 &k
2.2.17T EHEHRRE

R MR IF (3 Rk A BRIK PET30a BRI #LHEA BL21 FIK B Ak . PRI
TREREE . WX T ERRE, A 5 ml LB JEFRER 25 pl (25mg/mD) B £
FEE. MAKEMEE 37 C BRUK. BR—XTHE0RE, MAERREFRE
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B4R, 3% 1: 100 B EEEEMBFE S, 37 °C BRI 3 h. B 500 pl
EAFESRTHIMTER, 6000 rpm, 3 min BAEEAMA 100 ul 1xPBS &g, 4 CHE.
ERTHER PN IPTG, LWKE 0.1 Mm, 37°C BRI 5 h. B 300 ul 1E NS
BIEFER, BOWEER, 100 ul 1xPBS Big. FTHERFEAFG S CIEAE.
# F3EMA 1 ml 1xPBS #A WA S min. 4 °C, 10000 rpm 50 15 min. 2% _LiE
FIYTEE. B 100 pl 3. PTEEN 100 pl 1xPBS 847« X U0 Fp AL EE ARE S A 50 pl
KB AN, A 10 min. SDS-PAGE 5 AS D iml il e, REMRE. &
FRIX IR
2.2.18 KMBREZEHEN
R — KM EEA S RE VAN RZXEE, £ 5mlLB HFREF 37°C HR IR,
SRR 1 100 [ bEBIHE B R BIRTAN 20 300 ml LB 3574, MARBER
JGTE 37°C R ¥EFE 3 he M IPTG EAWEN 0.1 mM, 37 CHERIEF 5h. ZJF
6000 rmp 20 min B -0UKEEE , 285 FH 50 ml ) 1xPBS Bk, BAFEKBH
B . TP REN: B S5s, MERTESs, £ 1h, &P
JBER 60 °C. B BEFESS 4 °C 10000 rpm B0 20 min. 3 LIERA, UTUE 737 A Buffer
A F Buffer B £¥EHK R REA G 30 ml & 8 M RE KA KSR ITE 37 °C
RV
Buffer A: 50 mM Tris-HCI (pH 8.0), 5 mM EDTA
Buffer B: 50 mM Tris-HCl (pH 8.0), 5 mM EDTA, 2 M R&
ZefERR: 0.1 M Tris-HCI (pH 8.0), 8 M JRE
2.2.19 EHFEH MLk
2 FRUTIEIEME 4 °C, 10000 rpm 20 20 min ERAE R, B EERE
His-tag &AL, 4L R
1. 20%ZBERAF R A ENT A UE RS AR TS, DARE(RRR 3 R
& B FKBEBRAET
2. 3EHARRUE 1xCharge buffer id#E;
3. 3 fEHEAEFUY Buffer B idAE;
4. HheEEWMERMAAE (EEWR);
5. 10 54 Buffer B il 241 A280 258
6. 5-10 f&HE4EFE Buffer C A, BRI ERRAES,
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7. B/MER (122 mD & Buffer E ¥et:
8. Jm Strip buffer {FHAETF, 20% LB RAF.

1xCharge buffer: 50 mM NiSO,
Buffer B: 100 mM NaH,PO,, 10 mM Tris-HCI (pH 8.0), 8 MR &K
Buffer C: 100 mM NaH,PO,, 10 mM Tris-HCI (pH 8.0), 8 MJREK, 10 mM Bk
Buffer E: 100 mM NaH,PO,, 10 mM Tris-HCl (pH 8.0), 8 M /RZE, 250 mM WMk
Strip buffer: 0.5 M NaCl, 20 mM Tris-HCI (pH 8.0, 100 mM EDTA
2.2.20 ] & £ A

CASTIGSE MO8 2 K3 A Bt R, ERMAR 2 BENTEEH KA, &
OEEMEEATME. 200 pg AMEA SEENTE BRENTS AN, BR
HAKHRA, ST T 2 REH. ZHEH# 500 pg S NEASSENRT L H
REME AN, BITE R EE. WABK | mg AMNEASSEN AT HIK
FEFIFES A, HATE =R R, — AR 1| mg A & O E BT VAT 5T E
WINGRGFER M. 3 RIGHUMERE .
2221 A Ca* K FRR

FARE K EENERE, HEH 3 pM B Ca18R71 AM HIFTEE Grace’s 55
Frdk 27 °C BrFR FHIF T 30 min. 25 AIARE Ca?*f) 1XDPBS(2.7mMKCl, 1.5 mM
KH,PO4, 138 mM NaCl, 8 mM Na,HPO,) JE¥E =K. AL ER 1 XDPBS % # 1
4, FIABOCHERERMES 6 s RE—KICH A, FEE L min. RFMAE 20E
1 IXDPBS, H4&WKEN 2 mM. SREERER 7742 2 min. /5 BHMEEHNE
2 mMCa?#ll 2 mM 20E {f] 1 XDPBS, R4 4 min. 45 Image pro-plus 5447
B bR .

54



WWRARZEG L2 RS

R 1.PCR B3I 5%

Primer name

Sequence (5°-3°)

gRT-PCR

STIMI-RT F ggtgacacgecgetactg

STIMI-RT R tcttccaactcgeectee

EcRBI-RT F aattgcccgtcagtacga

EcRBI-RT R tgagetictcattgagga

USP1-RT F ggtectgacageaatgtt

USP1-RT R tfccagetccagetgactgaag

HR3-RT F tcaagcacctcaacagcageccta

HR3-RT R gactttgctgatgtcacceteege

BrZ7-RT F ggtgactgtcettactgeggeat

BrZ7-RT R ttaattcctitgaccatgact

caspase-3 RT F ggagacaagggtggagaa

caspase-3 RT R ggaaggcgtatatgtggt

caspase-6 RT F gctgtgatcagtgetacggat

caspase-6 RT R ccgaatcagcetgcatacactt

RPL27-RT F acaggtatcccegeaaagige

RPL27-RT R gtcettggegetgaacticte #
B-actin RT F cctggtattgctgaccgtatge

B-actn RT R ctgtiggaaggtggagaggoaa

ChIP assay

EcRE F cattgaacttgtgatgtggc

EcRE R cgtgatctcacaatgacac

RNA interference: £
STIMIRNAIi F gegtaatac gactcactatagg ga gaatattggtocgtatttget
STIMIRNAIi R gegtaatacgactcactatagggagatttgt gpatagggtetity
EcRBIRNAI F gcgtaatacgactcactatagggacgetggtataacaacggagga
EcRBIRNAi R gegtaatacgactcactatagggaagetggagacaactectcacg
USPIRNAI F gcgtaatacgactcactatagggacgaaccatccectaagtggttc
USPIRNAi R gegtaatacgactcactatagggaccitgatgagcaggatetggtc

ErGPCR-1 RNAi F
ErGPCR-1 RNAi R
ErGPCR-2 RNAi F
ErGPCR-2 RNAi R

GFPRNAI F
GFPRNAIi R

gegtaatacgactcactatagggticatectictaacggtg g
gegtaatacgactcactatagggtegeticateticgetatet
gegtaatacgactcactataggcgagggtcaagtctga ggtt
gcgtaatacgactcactataggttaaggctgtttgatgttga
gegtaatacgactcactatagggatggtcccaatictcgtggaac
gegtaatacgactcactatagggacttgaagttgaccttgatgec

Overexpression:

STIMloex F
STIMloex R
EcRBloex F
EcRBloex R

caggagatctcgatgegtateggtttcgte
taatacggtacccttatcccetcctaatataaag
taacacgtcaagagctcatgagacgecgetggtataac
geaggegegecgagatetggage geceggegagteegeea
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3IGR
3.1 STIMI TR B 45 B A7

@t PCR AU P38 STIMI ) cDNA F5l. 4 BLAS 5347, 4 REBIR STIMI
FF315 NCBI ERRZMMFLER—B, ZEESE XM_021330023. @i gL o4
EEMBRSTIMET STIMI A, HEEX REE R STIM1 K #HLEE BHIR .
Blin, K&, NEBUKRESE. TT5FHESYH STIMI M STIM2 5& (B 3.1,
HEAERBHREEH —F STIM, H5F MDY STIM1 454 XIhEe ML, M4
N STIM1. 5% EFFI X RKI STIM1 =G5+ fRF: EFhand £5#4 38 (&%
ZHEET), SAM &3 (FERER) 1 SOAR 4i#ld (STIM-Orai #EIEAKX
= (& 3.2),

160 lr-A.meIIifera STIM1 XP_385207.4

L A.florea STIM homolog XP 0036962631
sl — T.castaneum STIM1 XP_008192163.1

i D.melanogaster STiM isoform A NP_523357.2 STiM1 in insects

B.mori STIM1 NP_001128674.1

100 “— A H.amigera STIM1|
sl pxylostelia STIM1 XP_011554558.1

1ag — M.musculus STIM2 AAI45002.1

100 _[R.nonegfcus STIM2 NP 0010ge22 | STIMZ in vertebrates

L——— H.sapiens STIMZ AAI36450.1
Xlaevs STIMT AAI26012.1

®
pe

= H.sapiens STIM1 AFZ76986.1
,“,T‘i_[ M.musculus STIM1 NP_033313
99 L R.nonegicus STIM1 NP_001101966

100 STIM1 in vertebrates

I
4

005
B 31.REREMSTHRSIPR STM AR, A MEGA 5.0 SAFHIT RERE M,
M NCBI L3R HAERLE STIMI B STIM2 BER 5. LA WMEREREK.
Figure 3.1. Phylogenetic tree analyses the STIM isoforms in H. armigera. MEGA 5.0 was used
to conduct phylogenetic tree analysis with the corresponding amino acid sequences of STIM1 or
STIM2 obtained from NCBI. The numbers mean the bootstrap values which are shown as a
percentage.
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Figure 3.2. Alignment analysis of STIM1 in insects and human. MEGA 5.0 and GENEDOC
were used to perform the alignment. The brown box means the Efhand domain. The blue box is the
SAM domain and the yellow box indicates the SOAR domain. Green mark means the
phosphorylation site of STIM1 in H armigera. The phosphorylation sites which highlighted with
red have been demonstrated in H. sapiens.

3.2STIM1 MEBRLKHN
Bk 4tk STIMI [ 1-350 B IEBE 5. SDS-PAGE 45 R B 7= STIMI K E#:

RKERBRUESRAREAFE. £ NiELALHES Hs RERBEEARLES £~
HE, ROIBLMETE (B 3.3).

e “-M"” e

B 3.3 @it SDS-PAGE R STIMI FrBRIMEHRIE. ¥KiE 1: FA marker; 3KiE 2: &
BH; 38 3: IPTG #5)A; KE 4. B3N LEE; hnesS: BR/EHUIE: lane 6: 4ith

HEH.
Figure 3.3. Recombinant expression of STIMI1 fragment was detected via SDS-PAGE. Lane 1:

protein marker; lane 2: E.coli withou unduction; lane 3: induced by IPTG; lane 4: induced
supernatant; lane 5: induced precipitate; lane 6: purified protein.

3.3 el STIM1 FERE N BRI H USRI OUEE
BAHIE T REOTR R STIM B ZRESE, FRE THRENSRE. K
HIRBIE A FRESWA A (B 34A). ATRIE STIM1 ERQBESLKEER
RIETES, BAIA western bolt #FT 5 #%h B FIRE HAKIIE 4R+ STIM1 1
FiEHE (B 34B). BATKIA STIM] EEMALPIH Rk, HEARAE IS
AR RIE (B 3.4C). ZHIMBFFIER STIM] F BRI AIE B AL .
BRAEMLRPRA T STIMI FBERRIL, KB STIM1 DB KB FE S IRE
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HELAS (F34D). XEEEIEHA STIM] A REERS TR RIFEEEEH.

A B Epidermis
STIMI | - e s s W i iy it S iss kDa
Bactin[~—— — e — — —J = =] 42kDa
Midgut
STIM1 | — [ % 59 of o) 65kDa
, s 7o pactin[— — — — e = e ] 4y ypa
St -
65kDa Fat body
‘ srlrmi B .
pactin[——— — — ——— —le ] pKpa
= W B o ¢ o N w©w o
d * ¥R e 8
& £ £ £ £ &
© o 0 (=} =
e ©
F M F MM P
—e— Epidermis —o— Midgut —~+ - Fat body
C . is qu D -
; Epi Mg Fb Epi Mg Fb
e Anti-STIMY | === == mee (1 i wiw| 65 kDa
% B b ANti-B-aCHN [ s i it s i 42 kD2
é 0.0 -
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Bth-120 h
POd}
P-2d
P4d
P-6d
P-3d

ES
z L
<

A 3.4 BRERPDEITRDIEAA STIMI ERFHRAFRBRIL. (A) EER marker A
T2 STIML K5 T8E. H 6 & 2h R fpR ARG . (B) AIHLME®R STIMI M%
BEPUAR R B, B B IR 44 R A STIM I SRIA M . B-actin T 3 A INEEST B . 6th-6, 6th-24,
6th-48, 6th-72, 6th-96, Fl 6th-120 RK-HIMA (A H 6 #2hHR. PO d F P8d ZRixMNI{LLE
ik 8 XK. F, BUBHA: M, Bl MM, BRI P, . (C) A Quantity One
BRI =LA E LI XT westen ElIER W ERITH I 2. (D) FARBERK,

H I RIERE R A & B BT SR AT A BERRABAL . PREBORAES 7.5%. B-actin HEFNFE
Figure 3.4. Western blot analysis of expression profiles and phosphorylation of STIM1 in
different tissues. (A) Protein Ladder (Thermo Fisher Scientific, Lithuania) was used to identify
the molecular weight of STIMI1. The proteins from midgut of sixth instar 72 h larvae. (B) STIM|
expression profiles in the epidermis, midgut and fat body, as shown by western blot using a
polyclonal antibody against H. armigera STIMLI. B-actin was used as the protein quantity control.
6th-6 h to 6th-120 h represent sixth instar larvae at the corresponding hours. P-0 d to P-8 d
indicate 0- to 8-d-old pupae. SF, fifth instar feeding larvae; SM, fifth instar molting larvae; F,
feeding; M, molting; MM, metamorphic molting; P, pupae. (C) Statistical analyses of the density
of western blot bands by Quantity One software based on three independent biological
experiments. The bars indicate the means = SD of three independent experiments. (D) The A

phosphatase treatment was conducted using protein extracts from Epidermis, midgut and Fat body.
All The gels concentration was 7.5%.
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3.4 20E B ¥ STIM1 £ H i
AN THAE STIMI 2755 20E s, BATES B EHHAANEWRER 20E, KM

FEEST 200 ng ABAK 500 ng/RJE, SxTREAMEL STIMI MREEE LR (B 3.5A
M C). FIRES HPHEGHRERER 20E, AR EFRDN STIM1 ik, KN
FEVES 12 h 5 STIMI RXEEE LiF (B 3.5B FD). XL REH STIML K
FOAKRARH 20E AUV FEFOI A) 16 [ .

A DMSO 20E
B-actin| s A T MnH Sy S i l42 kDa
G 50 100 200 500 (ngharva)
B
‘DMSO 20E (500 ng/larva)
L] e e | ————- PN
p-actin|— — — — — |[[m=——— —142kDa
1 3 6 12 24 1 3 6 12 24 (h)
- D
1 DMSO 1 DMSO
= 2.5 [©£3 20E 2.5
2 2.0 ‘8‘ 2.0
w 1.5 5_1.5
= 1.0L7 =& 1.0
= 0.5H | ,_ =05
% 0.0 _— = 0.0
g 50 100 200500 1 3 6 12 24 (h)

(ngilarva)

B 3.5 FlgP 206 BRFEE STIML. (A)ESTAREIRER 20E #EA 6 # 6 N II4I R,

Bfo 24 h EHABIb G STIMI HIRIA. {EHSAEBKMEER DMSO /%, B-actin %
VA EX IR, (B) AR AR R4 RES 500 ng 20E #HEN 6 &8 6 PAEFHIZhE. FFE
MIRHES 7.5%. (C) 1 (D) A Quantity One BKHFZEITH4MHT A F1 B & F R EPE &K
BE. REMATVHE £SD RR. RBE=ZXEVEERENZREAREREL 1 REITEE
HZER(*p<0.05).

Figure 3.5. The expression of STIMI was upregulated by 20E in midgut. (A) 20E was injected
in larvae of 6th-6 h with different concentration for 24 h. Western blot detected the STIMI
expression in midgut. An equal volume of diluted DMSO was injected as the control. B-actin was
used as the protein quantity control. (B) Injected 500 ng 20E per larvae of 6th-6 h for different
time. Western blot detected the STIM! expression in midgut. DMSO and B-actin also used as
control. All the gels concentration was 7.5%. (C) and (D) Statistical analyses of the density of
western blot bands of A and B by Quantity One software. The bars indicate the mean + SD.
Significant differences were calculated using Student’s t test (*p < 0.05) according to three

biological replicates and three technical replicates.
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3.520E Fit BR324 LI R A4St FIAE STIM1 RE

FELLRTH BT o R B AR 4L RS 4k ErGPCR-1 1 ErGPCR-2 7 20E {551
riRde HEEM{EM . EcRB1 M USP1 MR E AN 20E i T HERRE
RFEE EE. Hl, IT7RIEBEZEMZZEN 20E HiET STIMI RikgI# 0,
BAV B RS RREHREA LT ErGPCR-1, ErGPCR-2, EcRBI 1 USPI,
A STIM1 3 20E MiffEREk. SREY, THEREZEMEZAERE, 208 £
STIM1 KyREHMH] (B 3.7A-D).

BNAEBRREFRAPRET STIMI BEIFFH, #iT JASPAR ik
(http://jaspar.genereg.net/) 472 J5 %5 Bl—/N KUK EcRE B3 (B 3.6). ZF
5 5LIRT %23 HR3 J53)F LM EcRE JEH A8 (B 3.7E). ChIP S2RFH %7
588955 EcRB1 464 ([ 3.7F), $i8] 20E it EcRB1 H#{Ti STIMI Rk .

~1998 gattaccctacagtgaatgtatcgtgactaggacaccaactaaggatggaaageecttge
~1938 aagagagaaatctcagttccatgttccatagaataacactaagaccaacatgcggatagg
~1878 tacttagattcaaagagtaacccaaccacattgcagtctgcagatatcccaggettctga
—1818 atctgaactagactgatcgattaattatccataaatattatcagtttgtgecatactgaa
~1758 gcctcatccgattgataaattgeagagaggegaaactgatttataatgacatacagegee
~1698 atctacaaacacatagtcgaactattaactggtaacatgagcttacgaaatgccatacta
-1638 gatggcgttactagtgccaaaatcatatcttaattgttgatttetttgttatcacatttt
—1578 taactaaatccagcctaaaccttttttgattcaaatatctatatattatattcatggtgg
~1518 ttagtagaccgtcatatgtctgatttgagcttgecactattgataggtactcattgeatat
-1458 tttggcaacttaataggagaagactgtitattgattagectagtggacggeggtatggcta
-1398 gactatattcaagttattctgagttatttcatgaaaacatgggggtcattagatactgat
-1338 atttctagaaaatggaaaatatttgtagatagcaatatttaaagataattaagagtaatt
-1278 tcatgtgcaaatataatctaagtgtgtcagacattttgggtcaaatgecaaatgtatgaa
—-1218 atgttaattatgctgataactatttttaactatcaagcaactcatacaaattgataggaa
-1158 acacaatgtgtcactaaaagtaggaacaacctttatttcatatacctagtgtttctcaga
-1098 attaataataggatcattaataaattgagtttggtctatactgatgatattttggatatc
—1038 atattaccaatgtgtgtgtaaatgaaatggtgaccttggtactgtattaacagcaacaat
-978 gccagctatgtggtagacatgtaacatgtcataataacccactccacatgtttatagtaa
-918 acagctgataacaaaacatattgectgttttctacctacattacattagatttctecgttt
—-858 tttttttgcatcaaatagtgacaccaaccatcatttatatgatagccatctcacacatga
-798 cgaaacccaacatcttgttgtgcaatagagacaatcttacacaaaaattgattttacaaa
~738 ttcttgtcatgtcacaacactaccacgccaatatgtacggaaataaaatattaagaaaat
-678 tttctaattaccatcacactgacacaaacaccacttgtttggagaataaaatatgatcag
-618 agatcataaatagaacataatagcgtagtaaacaagcgtaacaaaggaaaatattagata
-558 ctcacgttctgtgattcctectecaaaacagecatggettcaaaategatgtteatattt
-498 gcgaattctagcacataactcaattaaaacacgagtacaatattatgectatgacgatatg
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—438
=378
-318
-258
-198
-138
-78

-18

tgaaataacaacaaggaaattagataatttgtatcaaaagttgectcttcaaggtattgtt
tacaaactggcaaggtcatttgacatattttggtaaataatatgggtgegttcatttttg
tgtggactagtgcaaaagtcattgacaatagtagaataatcgactaacagtttgacataa
acaaatagtftcctgcaaatgttgccacacatcaaaaacatatgtcaaagtttttcgacc
tcgectagtttttcttictgtgataaaaaaatcgtagettagettttatgtttttttcatt
gaacttgtgatgtggecttataaactataaaccattttgtctgecatattattttagaatg
tgtatagagtgcggtgtaactgaagtggttttgtatttttatgtgeggttaatgeattag
tgtcattgtgagatcacgATGCGTATCGGTTTC
1M R I G F

B 3.6.STIMI B3F 5. BSR4 HEIH EcRE ( geggttaatgeatta )7 5. #ik
ok STIMI WiREEE T, KSR S STIMI Ri5X.

Figure 3.6. STIMI promoter sequence. The shaded part is the predicted EcRE

(gcggttaatgcatta) sequence. The bold is the start codon of STIMI and the underline is the

partial coding sequence (CDS) of STIM1.
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HRE. (DI E HR3 A1 STIMI 5307 LM T# EcRE 73, (F) i#if ChIP #:jll EcRBI
5 EcRE £5-& AN STIMI #3 . EcRB1-RFP-His 7F HaEpi ZAfirhit#ik 72 /Mik. FJ 20E
(2uM) HEEN DMSO AF40M 12 /M. Al RFP $U4ATIIE DNA B qRT-PCR E&
S¥7. 1gG, AEFrRM/NR 1gG. Primer EcRE, #E/F%A EcRE. Primer STIMI1, #/F-%ifr
F STIM1 ORF H iR ZEHTFIE +SD RN MBE=ZREMFERSH=RKBAREZ B L 1 1
B BEEERMFp<0.05).
Figure 3.6. 20E promotes STIMI1 expression through GPCRs and EcRB1, USP1. knockdown
ErGPCR-1 (A), ErGPCR-2 (B), EcRBI (C) and USP! (D) by RNAIi in HaEpi cells and detected
expression of STIMI through qRT-PCR after treated with 20E (2 uM) for 12 h. The relative
mRNA levels were calculated by 2227, The bars indicate the means + SD of three independent
experiments. (E) EcRE sequence were predicted in HR3 and STIM! promoters in H.armigera. (F)
Detection of EcRB1 binding to EcRE to increase STIMI transcription via ChIP. EcRBI-RFP-His
was overexpressed in HaEpi cells for 72 h. The cells were treated by 20E (2 uM) or equal DMSO
for 12 h. ChlIP assays were quantified by qRT-PCR with the DNA template in the precipitates by
antibody against RFP. Input, sample before immunoprecipitation. Enrichment relative to input =
(sample precipitated by antibody — sample without antibody)/input x %. IgG nonspecific mouse
oG Primer EcRE, primers targeted to EcRE. Primer STIMI, primers targeted to STIM1 ORF.
Statistical analyses were performed using Student’s t test (*p < 0.05), and the values are the mean
+ SD. Three biological replicates and three technical replicates were performed for all
experiments.

3.6 STIM1 FIREMH T REN R LR 20E B HEERE

U T STIMI EREH MG HANRRIEZ 5, RINTFEIRA STIM1 1£4)
hFFER AL BRI, Fdfk BT E STIMI 5§ (B 3.8C), SXRAMK
HEAESBHO{UHBAEER FEIR (& 3.8A). FERAKFRIZE 35 h A4 (& 3.8B).
FEXTRA R, B IRIES dsGFP 96 h JE NS T S RERMEL, H AL Rk
B RPHERS B, T dsSTIMI A 5 W4 R IFRA HIA & Heh dup i ik
EHERMESR T ESE (B 3.8D fl E). qRT-PCR 4 &R E T STIMI J54
YKl 20E 55280 THEREA THXZERNREHENS (B 3.8F). &
KGR ATRNBR THUMSER (B 3.8G). Xeds FiEH STIMI % B2
SIS 54 R P HRET.
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B 3.7, BETIRSTIMI FRIEFER L) S RIS F 2] T N& 20E 2B AR AT Mk E
HRIE. (A) M dsSTIMI F1 dsGFP Ja¥RFEET. BR =0.5cm. (B) S dsSTIMI
M dsGFP )&, Gt S Y dbiiniml. —4AE 30 R4, ERE=K. REMATIHME £8SD
&, BBZREVFEEA=RKEARAEREL 1 BRATEBELZER(p <0.05). (C) &
EEERRT STIMI BUEMBEE. PHNEARZNA B Ehmshh bR, BREAN
7.5%. B-actin YEAIMEEX . F Quantity one BTG MR HE. RZEAFIME +SD
. BEZREYEESA=—REAET @ + RRSTEZHZER(*p <0.05). (D) 5
RS 96 h JEhBEE. MG: $ii. (B) B KEH dsGFP B dsSTIMI 96 /N JE i
BT HE #ef5. 3RR = 50 pm (F) STIM1 BAX/540 55 20E B5-FEE A mRNA A8%
RIEKF. B KEH S 96 MR 4R P H45r B mRNA Al T qRT-PCR 74 (G) HaEpi
Ak 20E R HERN mRNA MM FRIEKFE. MIA dsSTIMI B dsGFP ¥:3 24 /DY,

BEJGH 20E (2 pM) 42 12 /MBS, %R DMSO 1 RPL27 #ER{EAR X E. REMTF
BME + SD For. BE=RKEPZEIN=RKEARETED + RRITBEZEEZREp <
0.05). Figure 3.7. STIMi1 knockdown delayed larval-pupal transition and decreased 20E
response gene expression. (A) Phenotypes of larvae after injection dsSTIMI and dsGFP
(negative control) knockdown (2 pg dsRNA was injected into fifth instar 12 h and sixth instar 6 h
larvae respectively). Scale bar = 0.5 cm. (B) Statistical analysis the time of pupation after injection
dsGFP or dsSTIM1.Each group contain 30 larvae. The values are the means £ SD based on three
independent experiments. The significant differences as determined by Student’s t test (*p <0.05).
(C) Western blot revealed the efficiency of STIMI knockdown. Protein of midgut was extracted
from B. The gel concentration was 7.5%. P-actin was used as the control. Statistical analysis was
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used quantity one software. The values are the means + SD (n = 3). The significant differences as
determined by Student’s t test (*p <0.05). (D) Morphology of midgut after second injection for 96
h. MG: midgut. (E) HE staining showing the tissue histology of the midgut after second injection
of dsGFP or dsSTIMI for 96 h. Scale bar = 50 pum (F) Relative mRNA levels of 20E-induced
genes in larval midgut after knockdown of STIM! and GFP (negative control). Total mRNA
isolated from larval midgut after second injection for 96 h for qRT-PCR analysis. (D) Relative
mRNA levels of 20E-induced genes in HaEpi cells. Cells were transfected with dsSTIMI or
dsGFP for 24 h and subsequently treated with 20E (2 pM) for 12 h. An equivalent volume of
DMSO as acontrol. In C and D, the relative mRNA levels were calculated by 2~ 24¢T method.
gene of RPL27 as a negative control. The bars indicate the means + SD of three independent
biological experiments. The asterisks denote significant differences as determined by Student’s t
test (* p< 0.05; ** p <0.01).

3.7 STIM1 7£ ¥ i R4 fa o ity se e

ATEE STIMI EHHARPRITIEE, RIAMEET STIMI P B rIRERN
N AP STIMI 1) BT RE Gkt 1T e AL #. RATRIL STIM1 £ 6 %2 24 h
HipEPRIERM, £ 6h & 48h 2B PHHhRERMM. A5, STIMI £E
SENLT 6 ¥ 96 h ghdrh g, BURBPEHNRL (B 3.9). ERHE—IPRY STIMI
S5 RPHHET.

HE Merge

Pre-serum z-”{
6th-96 h ';‘ = ‘gf

;-_»'ke..
52
e Bl LM
Anti-STIM1 ‘;:‘3
6th24h

Anti-STIM1 &
6th-96h |

B 3.9. STIM1 frFaAEMNSRPE. HE REASTPHEH. AEASMLEHAT%%
STIMI1 KIERL. IM, BB LM, i3, SREREHERSTIML. HH% LA DAPI
k. B mEE AT REE
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Figure 3.9. STIMI1 located in larval midgut during metamorphosis. Hematoxylin and eosin
(HE) staining showing the tissue histology of the midgut. Immunohistochemistry was used to
identify the localization of STIMI. IM, imaginal midgut; LM, larval midgut. The green
fluorescence indicted STIMI1. The blue fluorescence indicted the miclei with DAPI. Pre-serum
was used as a control antibody.

i — B KAIE 20E X STIMI (i, BAIE HaBpi AHH AT T 20E HTWT
STIMI1 ) W4l s « 455 8o 20E {Rif STIMI-GFP %4, &5 SERCA (MW R
M Ca-ATP 8§) IHIFIHFHE MK (thapsigargin) BA MUK ThHEE (B 3.10A). 7
20E %5 M5 HES /G STIMI-GFP 7€ ER-PM MM R E &4k . 7E DPBS &N
PSETia, STIMI-GFP BN K. SR, BT thapsigargin MW %], 4 ER
PABEE WSS T, STIMI-GFP 3R REFRE (B 3.10B). TAT#ET Western blot
K-#T HaEpi #iffif STIM1-GFP B9k (B 3.100), XEHIEEH 20E EHERA
Pt 5T STIM1 BEH T B E ER-PM EE .

— STIM1-GFP
100 kDa

3.10. 20E %8 STIM1 BMERMBLL. (A) STIMI-GFP 7 HaEpi YN MIELL. %
STIM1-GFP-His #l GFP-His & HaEpi 4iffib$54L 48 h, ZA/5H DPBS ¥ikk, FE/GHE 20E
(2 pM) BRFHE ME (1 pM) E Ca¥'fJ DPBS 4H 10 min. HE%IEHRFA DAPI
RI40RA% . 5 RA 20 pm. (B) 20E 7£ HaEpi 41B 555 STIMI-GFP KI#BAL. ¥ 1-6 1 10-12
58 A AR B4, 1E 7-9 #13-15 o1, 70/ 20E MBFHE P RAHE, EEH ImM Ca?*
) DPBS I E4IM 10 min. LLARNEIERA Alexa Fluor 594-#RicfI/D ZEMFEEER
(WGA) FafEE. $RRA20um. £ AR B+, SPY MREFERESR. © &
F R marker A T4 STIMI-GFP 4 T8. BRKERN7.5%.
Figure 3.10. 20E induced STIM1 aggregation and translocation. (A) The location of
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STIMI-GFP in HaEpi cells. STIM1-GFP-His and GFP-His were transfected in HaEpi cells for 48
h and then washed with DPBS, subsequently treated with 20E (2 pM) or thapsigargin (1 uM) for
10 min in DPBS with free Ca**. The blue fluorescence indicated the nuclei stained with DAPI.
The bars denote 20 pm. (B) 20E induced translocation of STIM1-GFP in HaEpi cells. Panels 1-6
and 10-12 were treated as A. In addition, in panels 7-9 and 13-15, cell incubated in DPBS with 1
mM Ca?*for 10 min after treated with 20E and thapsigargin. The red fluorescence indicated the
plasma membrane stained with Alexa Fluor 594-conjugated wheat germ agglutinin (WGA). The
yellow bars denote 20 um. In A and B, thapsigargin was used as an active control. (C) Protein
Ladder was used to identify the molecular weight of STIMI1-GFP. The gel concentration was
7.5%. '

STIMI fE—Fh Ca? BR3Z3%, BEMENLSRA Ca2RETHLEEMK. ATH
F STIMI 7R MR AT ERNE, AV 7 20E FIFTHMA Ca? KFA
. G5RUEW, 20E 7J LAEBEMA Ca? B BT 5142 SOCE FIR4E (B 3.11A).
T STIMI HIRIX/E (B 3.11C), XM Ca IBRREKEHER MW, ERMH T
SMERIRTE (B 3.11B). £53R 685 20E @it STIMI1 #5 SOCE K 4.
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B 3.11. %€ HaEpi Z0HTIR STIMI KRE/GHHT SOCE. (A) 20E BN Ca?*/KF.
FA 2 uM 20E &3 2 min J§, AMFIIN | mM 8. FERNRES. F: Ca'ig

67



KR SA

RIS T AR G0 M P B B 45  FO. B BORZS T OGRS 582 . (B) M dsSTIMI X dsGFP
(RS IE ) S 5amif 48 /NI JE R UAIARR Ca 2K F. (C) qRT-PCR KJU4AHIF STIMT K
FiE LR dsSTIMI B dsGFP ¥ 440l 48 /N Ja 70 5 8 mRNA. IRERFIIE +SD &ar.
WRE=REYFEEHN=XBEAREREL ¢+ BRI EEHEZER(**p<0.01).
Figure 3.11. Knockdown of STIMI inhibits SOCE in HaEpi cells. (A) 20 increased cytosolic
Ca** levels. 1 mM calcium chloride was added to the cells after treatment with 2 uM 20E for 2
min. F: the fluorescence of AM ester Calcium Crimson™ dye indicted the free calcium in cells. FO:
The fluorescence of cells under resting. (B) The cytosolic Ca?* levels were detected after cells
were transfected with dsSTIMI or dsGFP (negative control) for 48 h. (C) gRT-PCR detected the
expression of STIMI in cells. mRNA was isolated after cells were transfected with dsST/M! or
dsGFP for 48 h. The bars indicate the means + SD of three independent biological experiments.
The significant differences as determined by Student’s t test (* p<0.05).

3.8 20E {&fF STIM1 BERR{L

FERTTEIA L08R, BRATRIN STIMI PABERRAL AT UAF e FARSS A h . (At
TATEI 208 X STIM1 B BRALES WiRHT 90 STIML XF SOCE MI{EFHHLH). 45 %W,
£ 20E H3E T STIMI-GFP M0 FEAZ K. BMASSE, LEA STIM1-GFP %3
WH. A BRI S R KA R, I 20E 55 STIM1-GFP KA (B
3.12A). STIM1 [BEER A4.4% GPCR #0157 suramin, PLC #1771 U73122, IP3R fy 40
71 Xec LLF PKC H93WiH)7) chelerythrine chloride(CC)fI# (& 3.12B). ZJGit—#
BT B4 %52 389 ErGPCR-1 fil ErGPCR-2 B2 5% S STIMI iR tk, A
i RNAL 7 7105 A GPCR IR IX, K 20E #5-F STIMI HIBERR L gl
Xk L 20E i@t ErGPCRs, PLC, IP3R 1 PKC #4244 STIMI HIBFERIL .
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DMSO + - - F = ¥ _
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APPase - S v & + + o+ ‘
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Anti GFPl 100 kDa i’ o S i
Anti-B-actinl_, i ...] 42 kDa Anﬁ_GFPI_‘“;__V __}100 _
(é 3 An{i-p—actinl*‘*—'“‘“ -—~142 kDa

Suramin
U73122

B 3.12. 20E %% STIML IR, (A) SUEENZES4T Habpi 1M STIMI HIBEER{L.
STIMI1-GFP-His #1 GFP-His 7£ HaEpi 401 RIL 48 /P, AR 20E (2 pM) BREAIRI
DMSO MG Ca?* DPBS H14b3E 10 438h, 5—HEZEHEH ImM Ca>'H# DPBS & F 10
aer. MOoEHRA A-HRELE. ET=MISKEYFLRIRE western blot 5
Quantity One AT EFE L /4. REATFIIE LSD FR. F ANOVA T Hrgeit.
(B) 20E #55 STIM1 RYBER 23] —E4NHIFHPsl. 5hiBH (50 pMD: GPCR H#I#5.
U73122 (10 uM): PLC #W#I7. Xestospongin (XeC) (3 uM): IP3R I, Chelerythrine
chloride (CC) (5pM): PKC #M1#7. Western blot FMZit 4B A. (C) ErGPCR-1 A
ErGPCR-2 5t STIM1 BEERAL IS4 . 7E HaEpi 4 i b R B #%5 4 STIM1-GFP-His Fifi 1 dsRNA
(dsGFP B dsSTIMI) , 48 h JG R4 2 uM 20E §I7G Ca2* DPBS AL E40ME 15 min. FTfE IR
BER 1.5%. RZERFIME + SD Xorn. REZREPFEZN=RHEARERET ANOVA
aHrEEEER.
Figure 3.12. STIM1 phosphorylation was induced by 20E. (A) Western blot analysis
phosphorylation of STIM1 in HaEpi cells. STIMI-GFP-His and GFP-His were overexpressed in
HaEpi cells for 48 hours. The cells were treated with 20E (2 pM) or an equal volume of the
DMSO control for 10 min in free Ca** DPBS, or after then were incubated Ca%*-containing DP BS
(1 mM) for 10 min. Part of the protein was treated with A-phosphatase. Density statistical analyses
of western blot bands were acquired by Quantity One software based on three independent
biological experiments. Values are mean + SD from three independent experiments. Statistic
analyzed by ANOVA. (B) 20E induced the phosphorylation of STIM1 was suppressed by some
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inhibitors. Suramin (50 uM): GPCR inhibitor. U73122 (10pM): PLC inhibitor. Xestospongin
(XeC) (3 pM): IP3R inhibitor. Chelerythrine Chloride (CC) (5§ uM): PKC inhibitor. Western blot
and statistical analyses as above A. (C) Effect of ErGPCR-1 and ErGPCR-2 on the
phosphorylation of STIM1. The STIM1-GFP-His plasmid and dsRNA (dsGFP or dsSTIMI) were
transfected simultaneously in HaEpi cells. After 48 h, the cells were treated with 2 uM 20E in free
Ca’>* DPBS for 15 min.Values are mean + SD from three independent experiments. Statistic
analyzed by ANOVA. All the gels concentration were 7.5%.

3.9 STIM1 FIBERR 4L AL )R B 3

BATERE T STIM1 FIBERR A AL s kBN STIMI BERRALEI ThRe. H=Fh (b
PUisSRA R i T STIMI BERAAL AR EAE . RATA I STIML KIBERR (LK
A7 serine ¥REE I (B 3.13A). EA STIMI HIBEER4L 52 PKC %, AT UARATER
NetPhos (www.cbs.dtu.dk/services/NetPhos/) Tl 2] T =4~ PKC EK A {22 BB BRIL
PLRL, Ser360, ser395 Fl ser485. IATH NEMAE STIMI PHIX LA £l (S360A,
S395A Al S485A) ARJGAER KM P RARZ/EH STIMI. A 20E 1 DMSO
REE BATRM T A AR AR STIMI BIBEERL/KF. 25230 208 4ALBLS,
S369A Fl S395A WIANRAL HEF A B —FEBER HoK T 3500, T S485A RAL XTI 4H—
BBAREI (B 3.13B). HdE R4 20E 353 19 STIM1 B ER K47 Serd85 A, H
Western blot #t—F W IE T STIMI HIBERR LA A . BFAERY STIMI-GFP 7E 20E 3 F
HIES FREA LN, TRZ R STIMI-S485A-GFP #4254k (A 3.13C). #—%
Haik STIMI 7E S485 KA AL,

AT @A STIMI MBERILAE 20E 55 BB RThEE, BATLTRIAT
STIMI-GFP # STIM1-S485A-GFP, 747 T 7E 20E 5% T STIMI RIREZRU K
KW Ca? KPRk, B RER, 20E &3 EEF4E R STIMI-GFP R4 R4, HERE
B STIM1-S485A-GFP 34T R ECIR A (3.13D). [AIFER), fEidFKIE STIMI-GFP /&,
534 GFP #H Lk, 20E 542K Ca> WUk BIEIEIN, 17 RAE & STIM1-S485A-GFP
WA Ca* AN (B 3.13E). XLeiERM 20E %3 HI STIMI K B8 1L B
Sl STIMI1 {9 ZREE# MR Ca® I -
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A IP: anti-STIM1 B @ £ C
S Rt o 2@
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3.13. STIM1 BRELAL A B ILThER. (A) STIMI ZESL S MEMLL Sk,
STIMI £TEREHIAMN 6 # 72 h SRR E M BRI LL STIM1. Anti-pSer: RIRRIHL
BRI 2 E R, Anti-pThr: RIFENBBRILNFERED. Anti-pTyr RERNIBERL
MEEEM A, (B) STIMI-GFP-His RHERZARKBMMUK RN, STIMI-GFP-His M=
A BB AFRERAKAE HaEpi M- R1% 48 /Mit.  FEX Ca?* DPBS #'A 20E (2 pM) &b
¥ 15 min J5, Eid STIMI Hikaitbid RIAEAR . REMTFIME +SD Fox. BIB=K4E
WEESN=RERERET + RBSTEZEZERCGp < 0.05) (C) 7E STIMI-GFP-His Al
STIM1-S485A-GFP-His %A/, A 20E (2puM) 4E4M. {5/ p-Actin A _EREXTIR.
(6) ZEdfirhid ik STIMI-GFP-His 1l STIMI1-S485A-GFP-His J&, K3 20E 3L E MMz
RLRIREW SRR GFP 5k, BEARRMME A8 R 20 pm.(D) GFP-His.STIM1-GFP-His
1 S485A-GFP-His R P RILFRIME Ca>KF. AN FE¥X 2 pM 20E
HEEN DMSO il 1 mM Ca*MMA R4 . A-D @I =RAEVXEHN=KEARAELR.
Figure 3.13. Identification of STIM1 phosphorylation site and function. (A) The
phosphorylation residue type of STIMI1 in tissues. The STIMI was precipitated from epidermis
and midgut of sixth instar 72 h larvae with STIMI polyclonal antibody. Anti-pSer: mouse mAb of
anti-pAb of anti-phosphoserine. Anti-pThr: rabbit pAb of anti-phosphothreonine. Anti-pTyr:
mouse mAb of anti-pAb of anti-phosphotyrosine. (B) The phosphorylation levels of STIM1-GFP
and its mutants. STIM1-GFP-His and three single sites mutants were overexpressed in HaEpi cells
for 48 h. After treating with 20E (2 pM) 15 min in free Ca?* DPBS, the overexpressed protein was
purifed by anti-STIMI. Values are mean *= SD from three independent experiments. The
significant differences as determined by Student’s t test (* p< 0.05). (C) Cells were treated with
20E (2 uM) after STIM1-GFP and STIM1-S485A -GFP overexpressed. B-Actin was used as a
loading control. (D) After overexpression of STIMI-GFP-His and STIMI-S485A-GFP-His in cells,
the effect of 20E on its subcellular localization was examined. Green indicates GFP fluorescence
and blue indicates cell nuclei. (E) The cytosolic Ca?* levels were detected after GFP-His,
STIMI-GFP- His and S485A mutation overexpressed in cells. 2 pM 20E and 1 Ca?* mM were
added into cells at the corresponding time. Three biological replicates and three technical
replicates were performed for A-D.
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CafENM NS ZEEEANR UL RMIM S 5 RS AKES), B3
MEXEHAeE, ML, Mo, KT UK AMEE T (Clhpham, 2007).
SR E BRmQ s, 20E @4 AR E /Y ErGPCRs  (Cai et al., 2014a; Wang et
al, 20158 LA A CaIRERF 5. HE LY Orail HEBH S5 20E 591
sk Ca?* UL 72 (Li et al, 2017). ¥IAWFFIER] STIMI 25 20E 553/ fust
Ca®*ifi (Wang et al, 2016b). LAAEXT STIM1 BIBF A K% RELWIIN Y+, EHE
RSP STIMI 5 LI Ca BEAHE R IYLHI M RERE, UK STIMI R H
HRGIRT R R ER . A SCPRATES T 20E @i ErGPCR A FHYIEEE
ARBRFES STIM! RAEBEL, #MEMSE STIMI RERE, FHGSEENTSEIR
SOCE. Ca?"{55 &3 EcRB1/USP1 BRI 4567 EcRE L 53) 20E BEE H K
Rk, RAMBEHET.

4.1 20E B B2tk (ErGPCR-1 ! ErGPCR-2) RBHFRHEA# (EcRB1/USP1)
i sTIM1 I %% '

STIMI1 [ ¥Z 4 AR EE A 5 & 2K 40 BT b A5 P 40 H* (Manji et al, 2000). SRIERY
dSTIM 7E JEfS B MG A R g ERE, 25 RBRRENEKAEEZWL Eid
etal,2008). HATKIAEMURBERKENE, KK, P, Wbk STIML 1
FRARE, HREENZRHLEZSBFA R RERN 20E HHEEHUR—BH
(Riddiford et al, 2003). STIMI1 7E&h S A A+ AR ITE NFFTE, RATEBRTE 20E
FITREGFELNHEBERN, 25 2E F5HRRE. 20E B ERAREMIEER
gt REREREEZL, TRKIN 20E PEZFAEBREERNARRE (Jingetal,
2015; Schlattner et al, 2006) . ZEHE % 2, Z BIRIBF A&7~ T 20E 1] LLEE ErGPCR-1
NFETHT (Caiet al, 2014a). FBJG X kI 20E 7 PAE- 540 M2 i |- i) ErGPCR-2
RENFRFERERIE (Wangetal,2015). STIMI AN HRIERZ 20E 11A
£, FFEROK L # B K8 T B L% ErGPCR-1 fl ErGPCR-2. iBid dFE F H1%
7, 20E {5568 E W R E % ZE EcRB1 MIH RIFE—FH USP1, REHKRED
e EREER . RINPOZRHE—FFIA 0E BT EEFNARREFEFRE.

4.2 20E @ —F$% €2 EcRE {5 STIM1 FI¥x

STIM1 5 EcRB1 HJi#Hi/R%E EcRB1 B4 &1 STIMI B3+ XKW RE. B3

T EcRE WFF7EE/S EcRB1 BB 45 A4 7 DNA LRt E R, 85% H B
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KA MHR3 A5 T ER) EcREL (Lan et al, 1999) S5#4% 88 HHR3 B3IT EK
EcRE (Liuetal,2014a) ®ERT, RAE—NEEBRNEN. B8R STIMI BR3T
X %52 %] EcRE Fr 555 HHR3 B3)T L) EcRE R ML (B 3.7E). #usbh, X
TUARRRE STIMI B3 TREHTME] T EcRE, FIASHAH BRI FEML
) EcRE Folm AR, RIFERE —MEERNZEN. RIBK EcRE FAIAHME
BAK (& 2). STIMI J55)FIX EcRE fERH P EE —EHHEME, FERABIER
SRR

20E MY GEAE B PR A CaRE T » EMIALZIWHE T, 20E AT
CLfE GPCR BN MW Ca ik B8 e #F AKT 935 (Gorelick-Feldman et al.,
2010). IXFREE BSF B 3 IN1R W] fgth Rt SOCE Bl « £ AR/ B STIMI J83h
T EEFE BT R T — A 5e AR EcRE 75, A5 RHFH EcRE 2 A%
K, AIEEREA IR BBOT . E AN 4MET, 20E WRERI AR E (e STIM1
Rk,

2. ZRYH STIM1 B3 TF LMK EcRE B35

Species Gene Predicted ECRE Sequences
Homo sapiens STIM1 GGGGGCGCTGACCTC
Mammals Mus musculus STIM1 GGGGGCGCTGACCTC
Helicoverpa armigera STIM1 G_CG,GTTAATGCATTA
Insects Bombyx mori STIM1 GCGGTTAGTGCATTA
Drosophila melanogaster STiM1 GAATTCATTGTATTT

4.320E {23t STIM1 REIHTH B ER-PM FH#ELT K Ca*RE
KEWMMEAEESEMBE 2 GPCR WEE N3 RAMIT Ca2t Wik
(Marinissen and Gutkind, 2001) . 7E8 HEZ42) 7, 10 s AR RO BN EE4HB (Morley et al.,
1992), AFIHEF (Fakenstein et al., 1999), LA /NG FOWE 55 40 083 #h & n 40 08 (PC-12)
(Fregeauet al., 2013), REE B E @ GPCR HiE HAMAERE b Ca2ikE. 7ER
XHERATESE B, REREEE 20E 48 GPCR LA SOCE K77 il 4
N CaZ ¥R E . STIMI K #EMFE SOCE 25 AWT /b (5 A% . 20E i@3d GPCR 3l
i STIMI R4 BE I EALE ER-PM XK. T2 a7 WHFF C40F B 208 GRS PUEE
fEARRE - Orail BEREH AP Ca2* WK (Lietal, 2017). Ktk 20E #it STIM1

73



WERAFEEEAIRI

1 Orail MItFEEFAZERNSEFRENAE. #—PB7E 208 HiERE S Ca
W53 FHLH

FEHWSN Y hEART STIM TEE, STIMI 1 STIM2. STIMI £ 45K £ £ 4
I EEDhRER NN M L 1) Ca? &% 281553 SOCE (Nunes-Hasler et al, 2017).
STIM2 WZhaE H BT EFAE— LS, AT IIEH STIM2 RS HHE) STIML {R1E
SOCE Wi &4 (Gruszczynska-Biegala et al., 2011), 4k STIM2 765 43 400 5| 42 Ca?*
WA T SOCE (Zhang et al., 2017). MER R+, HAIURIM—F STIM, BT
STIM1 2K &), f% dd £ 2K STIM FlJE STIM1 KH . il 5 #RKR RERFRH Hoxt
PR IX—F STIM K8, HERESZHAUMEMER ., #HEE STIMI W45
BN, C RnFRFGUNBEREEX . BERABSRESHHEULS
AR Ca?" B Orail A& BBERT, WrsE STIMI £ LEF SHME
HEBHIAR LU Thik .
4.4 PKC 413 STIM1 Serd85 HIBERRILIZZE STIM1 (RER Ca I

20E AR RAKK T NURER Z R8N, S EREEEmILE],
FlnE e BRI EN. £ 20EFSHITERZY, 45 HIT calponin (Liuetal,
2011), CDK10 (Lietal, 2014a), USP1 (Liuetal, 2014b)F1 EcRB1 (Chen etal., 2017) 5%
Bt HFTRPRATAIN T STIMI FIBERR L KA AE Serd85. 751 buxh B RiZAL FAE
B9 B B R B, TR E M BRE LS WA b R IR T STIMI
BERAL .STIM1 ELEBALA LK ERBERR FIE SOCE. A Ser575, Ser608 1 Ser621
KA BB EME SOCE MK (Pozo-Guisado et al, 2013). Ti7EA 224> 241 i
Serd86 F Ser668 FIBEERILINA] T SOCE (Smyth et al, 2009). #i#H 20 S
STIM1 H Ser485 BEERILAL A5 A K Serd86 BEMBEFME LHFEIL. HER
#1 STIM! Serd85 BEER1L{21F SOCE, B RH5 A% STIMI A EHEHHLH .
5 PN

20E @i 4R b ErGPCR-1 1 ErGPCR-2 LA & PLC At F B W Ca”" i@ 1L
IP3R BB 4HfE BT . KB Ca Bt in#uE PKC, {2ff STIMI 7£ PKC S iR £
R, BERRILAT STIMI REREHTHH AW -FELS &4b5 Orail i EIER K
SOC EiE ik Ca¥ Wi, HEBMA CaIRELFAERFKF . Ca>{2ff EcRB1 Ml
USPl RAEBFEREW, BREXEAEL AT ERE Ll STIMI #¥x, LA
STIMI ik, FRIERBRFE. HB—HFEEME 20E 55 2RERURETHRE
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HRE, BRARERHTESHRE (H3.13).

20E e 0o o
LI L Y Ca2+
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ErGPCRs

PM

Cytoplasm

N

//_/__\2
Nucleus E\

(2]
=—={STIMf==={ ECRE ==
\ 4
| /

[HR3, BrZ7, Caspases

:

|[Apoptosis, Metamorphsis |

B 3.13. 20E 9§ STIM1 B9 BERRALAIZAMR Bl 20E it ErGPCRs, PLC LA IP3R {4
Ca* BRI . B Ca? Bui& PKC, {21 STIMI1 7 S485 fi sk MRk, BRI
B STIM1 RAREIHTHE ER-PM 4&4tEs CaEEMEERRME Ca» Wi, HEmfEsE
EcRB1 fl USP1 BB/ BMHHRERE S164 &7 EcRE Lildlh STIMI #%. 5—77H
fRfE 20E 55 @BREEURATHAERRE, BAREARATCNRRBERNRE.
Figure 3.13. The pattern of 20E regulates STIM1 phosphorylation and expression
STIML. Via ErGPCRs, PLC and IP3R 20E promotes calcium release into the cytoplasm. Released
calcium activates PKC and promotes phosphorylation of STIMI on the PKC target.
Phosphorylated STIM1 accumulates and translocates to the ER-PM junctions. Then aggregation of
STIMI1 interacts with calcium channels to promote calcium influx and increase intracellular
calcium concentration. Calcium promotes posttranslational modification of EcRB1 and USP1 and
form a transcription complex that binds to EcRE to initiate STIMI1 transcription. On the other
hand, complex promotes the expression of the 20E-induced gene and caspases in response to
apoptosis and metamorphsis.
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BXUHREBEREX

REBEREIVEALEBEE, X TFEVENEKREEREE. NARHR
X R B AR UK BRI R 20E AR REKKE 4 FHH, FTE—
EFREE AR KE SR, A RS R AR B, T 20E R {UE
BRPEHRRBE, TSFETEYSPHBERRE (Dinan, 2001). B4, 20E 7E
WA AL EE, MR, A A% UREMAEER Bathori et al,
2008) . Xf 20E {5518 BE B 0T DU AR UL FRERE . A Xt REEFU
L5 TH HYBYHT:

—. PKC} 2 5HEHBEERSE SREREHRATHBR

1. EREPLEEH—FHE M PKCS 7 B HEAN 32 20E HiEHmERE. PKCS
EANGHREREATHIIAE, &30 KA BIBEEE 208 7T UL E# R PKCS
ik, AR 20E ARATHYRME T K.

2. G FIERIA PKCS ML EHIRIRE Caspase-3 MIVE MR HELEAT . /AT
PKC3 R AT f R MR R AL AL

3. &I 20E i PKCS HEEBERRIL EcRBI i) Thr468, iERI T 20E i {21 EcRB1
BEM{Li# T {2 48 EcRB /USP1 #Z E &R, MK EcRE W4 & RIGE R
FREMARAT, BT 20E BEREFZLNS> TFHIE.

=, STIM1Z5RH 20E FESEHET Ca* ARREMRA T

1. RILT 20E @i B LI GPCRs {2 f# STIM1 KR E. #H—FHET 20E k&R
Higts.

2. ERBFRI STIM1 UBR LN A ER A TESN ML RHERA T,

3. 7£ STIM1 HIE3) FIX %€ 3) EcRE /¥5], EcRB1 5 EcRE & &1 1£ STIM1 B
ik, ERSIAE 20E 5. 2 7 20E B EE Ll STIM] RIRE, AR
P B R E T IR T BB

4. iEBT 20E 5% STIMI 1) Serd85 £ S BRRAL , (2 4F STIM1 REFHHF F Ca Wi .
WiE T 20E LA SOCE M REMMA Ca>RE. Hi—FPRET 20552241
W Ca?IREEZMALH].
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